EXHBIT D

ANALYTI CAL METHODS

[SECTI ON | - | NTRODUCTI ON |
Figure 1-1norgani cs Methods Fl ow Chart .
|SECTI ON Il - SAMPLE PRESERVATI ON AND HOLDI NG TI MES
Part A - Sanmple Preservation
Part B - Hol ding Tines G
[SECTTON TTT - SAVPLE PREPARATT ON |
Part A - Water Sanple Preparation .
Part B - Soil/ Sedi nent Sanpl e Preparation
Part C - Mcrowave Digestion Method
Part D - Mercury and Cyani de Preparation
[SECTTON TV - SAVPLE ANALYSIS ]
Part A - Inductively Coupl ed Pl asma- At om c
Em ssion Spectrometric Mt hod
Part B - Atom c Absorption Methods, Furnace Techni que
Part C - Atom c Absorption Methods, Flane Technique
Part D - Cold Vapor Methods for Mercury Analysis
Part E - Methods for Total Cyanide Analysis
Part F Percent Solids Determ nation Procedure

Page No.
D1

D3
D4
D4
D4
D-5
D-5
D-5
D-8
D14
D15

D16
D- 28
D41
D46
D- 60
D- 84

| LMD4. 0



Exhi bit D Section

SECTI ON |

I NTRCDUCT! ON

| norganic Methods Flow Chart: Figure 1 outlines the general analytical schene the
Contractor shall follow in perform ng anal yses under this contract.

Permtted Methods: Any analytical nmethod specified in Exhibit D nay be used as |ong
as the docunented instrunment or nmethod detection [imts neet the Contract Required
Detection Limts (Exhibit C). Analytical nethods with higher detection limts may be
used only if the sanple concentration exceeds five times the docunented detection
[imt of the instrunent or nethod.

Initial Run Undiluted: Al sanples must initially be run undiluted (i.e., fina
product of the sanple preparation procedure). Wen an anal yte concentration exceeds
the calibrated or linear range (as appropriate), re-analysis for that analyte(s) is
required after appropriate dilution. The Contractor shall use the |east dilution
necessary to bring the analyte(s) within the valid analytical range (but not bel ow
the CRDL) and report the highest valid value for each anal yte as nmeasured fromthe
undiluted and diluted anal yses. Unless the Contractor can submt proof that
dilution was required to obtain valid results, both diluted and undil uted sample
measurenents nust be contained in the raw data. |CP data showi ng a high
concentration for a particular analyte, conbined with an analyte result that is
close to the mddle range of the calibration curve in the diluted sanple, constitute
sufficient proof that the sanple had to initially be run diluted for that analyte on
a furnace AA instrument. All sanple dilutions shall be made with dei oni zed wat er
appropriately acidified to maintain constant acid strength.

Qual ity Assurance/ Quality Control Measurenents: The Contractor is rem nded and
cautioned that Exhibit Dis a conpendiumof required and/or permtted anal ytica

met hods to be used in the performance of anal yses under this contract. The quality
assurance/ quality control procedures or measurements to be performed in association
wi th these nethods or analyses are specified in Exhibit E. In the event references
to quality assurance neasurenments in any of the nethods appear to be in conflict
with or to be less stringent than the requirenments of Exhibit E, the requirenents of
Exhibit Ewll prevail

Raw Data Requirenents: The Contractor is rem nded and cautioned that the collection
and provision of raw data may or nmay not be referred to within the individua

met hods of Exhibit D or the Quality Assurance Protocol of Exhibit E. The Raw Data
Del i verabl es requirenents are specified in Exhibit B, Section I1.C 2.d. Raw data
coll ected and provided in association with the performance of anal yses under this
contract shall conformto the appropriate provisions of Exhibit B.

G assware O eaning: Lab glassware to be used in netals analysis nust be acid
cl eaned according to EPA's manual "Methods for Chemical Analysis of Water and
WAast es" or an equi val ent procedure.

Standard Stock Solutions: Stock solutions to be used for preparing instrument or
met hod cal i brati on standards may be purchased or prepared as described in the

i ndi vi dual met hods of Exhibit D. All other solutions to be used for quality
assurance/ quality control measurenents shall conformto the specific requirenments of
Exhi bit E.
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Exhi bit D Section

Aqueous Sanpl e pH Measurenent: Before sanple preparation is initiated on an aqueous
sanmpl e received in shipment, the Contractor shall check the pH of the sanple and
note in a preparation log if the pHis <2 for a nmetals sanple or if the pHis >12
for a cyanide sanple. The Contractor shall not perform any pH adjustnent action if
t he sanpl e has not been properly preserved. |If the sanple has not been properly
preserved, contact SMO before proceeding with the preparati on and anal ysis for
further instructions.

Sanple Mxing: Unless instructed otherwi se by the EPA Admi nistrative Project

O ficer or Technical Project Oficer, all sanples shall be m xed thoroughly prior to
aliquoting for digestion. No specific procedure is provided herein for
honogeni zati on of soil/sediment sanples; however, an effort should be nade to obtain
a representative aliquot.

Background Corrections: Background corrections are required for Flame AA
nmeasur enent s bel ow 350 nm and for all Furnace AA neasurenents. For |CP background
correction requirements, see Exhibit D Section IV, Part A, paragraph 2.0.

Replicate Injections/Exposures: Each furnace analysis requires a mnimmof two

i njections (burns), except for full nethod of standard addition (MsSA). Al 1CP
nmeasurenents shall require a mnimumof two replicate exposures. Appropriate hard
copy raw data for each exposure/injection shall be included in the data package in
accordance with Exhibit B, Section Il, Part C, paragraph 2.d. The average of each
set of exposures/injections shall be used for standardization, sanple analysis, and
reporting as specified in Exhibit D

Di ssolved Metals: If dissolved netals are requested by the EPA Regional offices, the
Contractor shall follow the instructions provided on the Traffic Report(s). |If
there are no instructions on the Traffic Report, the Contractor shall digest the
sanpl es desi gnated as di ssol ved netal s.

If the Regional office indicates on the Traffic Report that a digestion is not to be
performed when analyzing field sanples for dissolved netals, then an aqueous

| aboratory control sanple (LCS) and a post-digestion (hardcopy Form 5B and di skette
C codes PDO and PDF) spi ke sanple are not required.
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Exhi bit D Section Il

SECTI ON | |
SAMPLE PRESERVATI ON AND HOLDI NG TI MES

A SAMPLE PRESERVATI ON
1. Wat er Sanpl e Preservation

Measur enment

Par anet er Cont ai ner (Y Preservative®

Met al s P, G HNO, to pH <2

Cyani de, total P, G 0. 6g ascorbic acid®
and amenabl e NaCH to pH >12
to chlorination Cool, maintain at 4°C(+2°C)

until analysis
FOOTNOTES:
(1) Pol yet hyl ene (P) or glass (Q.
(2) Sanpl e preservation is performed by the sanpler inmmediately upon
sanpl e col | ecti on.
(3) Only used in the presence of residual chlorine.
2. Soi | / Sedi nent Sanpl e Preservation
The preservation required for soil/sediment sanples is maintenance at
4°C (£ 2°) until analysis.

B. HOLDI NG TI MES FOR WATER AND SO L/ SEDI MENT SANMPLES

Fol | owi ng are the maxi mum sanpl e holding tinmes all owabl e under this contract.
To be conpliant with this contract, the Contractor shall analyze sanpl es
within these times even if these tinmes are | ess than the maxi mum dat a

subm ssion times allowed in this contract.

No. of Days Fol | owi ng

Anal yt e Sanpl e Recei pt
by Contractor

Mer cury 26 days
Metal s (ot her than mercury) 180 days
Cyani de 12 days
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Exhi bit D Section Il

A

B

SECTION | I']

SAMPLE PREPARATI ON

WATER SANVPLE PREPARATI ON

1

Acid Digestion Procedure for Furnace Atom c Absorption Anal ysis

Shake sanple and transfer 100 nlL of well-ni xed sanple to a 250-nL
heating vessel, add 1 nL of (1+1) HNG, and 2 nL 30% H,0, to the sanple.
Cover with watch glass or sinmlar cover and heat on a steam bath, hot
pl ate or equival ent heating source which is adjustable and capabl e of
mai ntai ning a tenperature of 92-95°C for 2 hours or until sanple vol une
is reduced to between 25 and 50 nmL, nuking certain sanple does not boil
Cool sanple and filter to renove insoluble material. (NOTE In place of
filtering, the sanple, after dilution and m xing, may be centrifuged or
allowed to settle by gravity overnight to renmpove insoluble material.)
Adj ust sanple volune to 100 nL with deionized distilled water. The
sanmple is now ready for analysis.

Concentrations so determ ned shall be reported as "total."

If Sbis to be determ ned by furnace AA, use the digestate prepared for
| CP/fl ame AA anal ysis.

Acid Digestion Procedure for |ICP and Fl ame AA Anal yses

Shake sanple and transfer 100 nlL of well-nm xed sanple to a 250-nL
heating vessel, add 2 nL of (1+1) HNG, and 10 nL of (1+1) HO to the
sanple. Cover with watch glass or simlar cover and heat on a steam
bath, hot plate or equival ent heating source which is adjustable and
capabl e of maintaining a tenperature of 92-95°C for 2 hours or unti
sanmpl e volune is reduced to between 25 and 50 nmL, naking certain sanmple
does not boil. Cool sanmple and filter to renmpve insoluble materi al
(NOTE: In place of filtering, the sanple, after dilution and m xi ng, may
be centrifuged or allowed to settle by gravity overnight to renove

i nsoluble material.) Adjust sanple volune to 100 nL w th dei onized
distilled water. The sanple is now ready for analysis.

Concentrations so determ ned shall be reported as "total."

SA L/ SEDI MENT SAMPLE PREPARATI ON

1

Acid Digestion Procedure for ICP, Flane AA and Furnace AA Anal yses
a. Scope and Application

This method is an acid digestion procedure used to prepare
sedi ments, sludges, and soil sanples for analysis by flane or
furnace atom c absorption spectroscopy (AAS) or by inductively
coupl ed plasma  spectroscopy (1 CP). Sanples prepared by this
met hod may be anal yzed by AAS or ICP for the follow ng netals:
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Exhi bit D Section |11

Al um num Chrom um Pot assi um
Ant i nony Cobal t Sel eni um
Arsenic Copper Silver
Barium I ron Sodi um
Beryl I'i um Lead Thal I'i um
Cadmi um Magnesi um Vanadi um
Cal ci um Manganese Zi nc

Ni ckel

Sunmary of Met hod

A representative 1 g (wet weight) sanple is digested in nitric
acid and hydrogen peroxide. The digestate is then refluxed with
either nitric acid or hydrochloric acid. Hydrochloric acid is
used as the final reflux acid for the furnace AA analysis of Sb
and the Flame AA or ICP analysis of A, As, Sh, Ba, Be, Ca, Cd,
Cr, Co, Cu, Fe, Pb, My, Mh, NI, K Se, Ag, Na, Tl, V and Zn.
Nitric acid is enployed as the final reflux acid for the Furnace
AA analysis of As, Be, Cd, C, Co, Cu, Fe, Pb, Mr, N, Se, Ag, T1,
V, and Zn. A separate sanple shall be dried for a percent solids
determ nation (Section 1V, Part F).

Apparatus and Materials
(1) 250 nlL beaker or other appropriate vesse

(2) WAt ch gl asses
(3) Ther moneter that covers range of 0° to 200°C
(4) VWhat man No. 42 filter paper or equival ent

Reagent s
(1) ASTM Type Il water (ASTM D1193): Water mnust be nonitored.

(2) Concentrated nitric acid (sp. gr. 1.41)
(3) Concentrated hydrochloric acid (sp. gr. 1.19)
(4) Hydr ogen Per oxi de (30%

Sanpl e Preservation and Handl i ng

Soi | / sedi nent (nonaqueous) sanples must be refrigerated at 4°C
(+2°) fromreceipt until analysis.

Pr ocedur e

(1) M x the sanple thoroughly to achi eve honbgeneity. For each
di gestion procedure, weigh (to the nearest 0.01g) a 1.0 to
1.5 g portion of sanple and transfer to a beaker

(2) Add 10 nL of 1:1 nitric acid (HNG), mx the slurry,
and cover with a watch glass. Heat the sanple to
92-95°C and reflux for 10 m nutes wi thout boiling.
Al'l ow the sanple to cool, add 5 nL of concentrated HNG,,
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Exhi bit D Section Il

g.

(3)

(4)

(5a)

(5b)

repl ace the watch gl ass, as appropriate, and reflux for 30
mnutes. Do not allow the volune to be reduced to | ess than
5 nmL while maintaining a covering of solution over the
bott om of the heating vessel

After the second reflux step has been conpl eted and the
sanmpl e has cooled, add 2 nL of Type Il water and 3 nL of 30%
hydrogen peroxide (H,Q). Return the heating vessel to the
hot plate or equival ent heating source for warmng to start
the peroxide reaction. Care nust be taken to ensure that

| osses do not occur due to excessively vigorous
effervescence. Heat until effervescence subsides, and coo

t he heating vessel

Continue to add 30% H,Q, in 1 nL aliquots with warm ng unti
the effervescence is mnimal or until the general sanple
appearance is unchanged. (NOTE: Do not add nore than a
total of 10 nL 30% H,Q..)

If the sample is being prepared for the furnace AA anal ysis
of Sb or the flame AA or ICP analysis of A, As, Sh, Ba, Be,
Ca, Cd, Cr, Co, Cu, Fe, Pb, My, M, N, K Se, Ag, Na, TI,
V, and Zn, add 5 nL of 1:1 HO and 10 nL of Type Il water,
return the covered heating vessel to the hot plate or

equi val ent heating source, and heat for an additional 10

m nutes. After cooling, filter through Watnman No. 42
filter paper (or equivalent) and dilute to 100 nL with Type
Il water. NOTE: In place of filtering, the sanple (after
dilution and m xing) may be centrifuged or allowed to settle
by gravity overnight to renove insoluble material. The

di luted sanmpl e has an approxi mate acid concentration of 2.5%
(viv) HO and 5% (v/v) HNO,, Dilute the digestate 1:1 (200
mL final volunme) with acidified water to maintain constant
acid strength. The sanple is now ready for analysis.

If the sanple is being prepared for the furnace anal ysis of
As, Be, Cd, O, Co, Cu, Fe, Pb, Mr, N, Se, Ag, T1, V, and
Zn, continue heating the acid-peroxide digestate until the
vol ume has been reduced to approximately 2 nm, add 10 nL of
Type Il water, and warmthe m xture. After cooling, filter
t hrough Whatman No. 42 filter paper (or equivalent) and
dilute the sanple to 100 mL with Type Il water (or
centrifuge the sanple). NOIE: |In place of filtering, the
sanmple (after dilution and m xi ng) may be centrifuged or
allowed to settle by gravity overnight to renmpve insol uble
material. The diluted digestate sol ution contains

approxi mately 2% (v/v) HNO,, Dilute the digestate 1:1 (200
mL final volunme) with acidified water to maintain constant
acid strength. For analysis, wthdraw aliquots of
appropriate volunme, and add any required reagent or matrix
nodi fier. The sanple is now ready for analysis.

Cal cul ati ons

(1)

A separate determ nation of percent solids nmust be perforned
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Exhi bit D Section Il

(Section IV, Part F).
(2) The concentrations determned in the digest are to be
reported on the basis of the dry weight of the sanple.

Concentration (dry w.) (ng/kg) = Cx V

Wx S
Wer e,
= Concentration (ng/lL)
V = Final volunme in liters after sanple
preparation

W= Wight in Kg of wet sample

S = % Solids/ 100
C TOTAL METALS SAMPLE PREPARATI ON USI NG M CROMAVE DI GESTI ON

1. SCOPE AND APPLI CATI ON

This method is an acid digestion procedure using mcrowave energy to prepare
wat er and soil sanples for analysis by GFAA, I1CP, or Flame AA for the
followi ng netals:

Al um num Chrom um Pot assi um
Ant i nony” Cobal t Sel eni um
Arsenic Copper Silver
Barium I ron Sodi um
Beryl I'i um Lead Thal I i um
Cadmi um Magnesi um Vanadi um
Cal ci um Manganese Zi nc

Ni ckel

"NOTE: This microwave digestion nethod is not
appropriate for the quantitative recovery of Antinony
fromsoil and sedinment sanples.

2. SUMVARY OF METHOD

a. Wat er Sanpl e Preparation

A representative 45 nL water sanple is digested in 5 nL of concentrated
nitric acid in a Teflon® PFA vessel for 20 minutes using mcrowave
heating. The digestate is then filtered to renove insoluble materi al
The sanple may be centrifuged or allowed to settle by gravity overni ght
to renove insoluble material

b. Soil Sanple Preparation

A representative 0.5 g (wet weight) sanple is digested in 10 nmL of
concentrated nitric acid in a Tefl on® PFA vessel for 10 m nutes using

m crowave heating. The digestate is then filtered to renove insoluble
material. The sanple may be centrifuged or allowed to settle by gravity
overnight to renove insoluble material. NOTE: This mcrowave di gestion
met hod is not appropriate for the quantitative recovery of Antinmony from
soi| and sedi ment sanples.
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APPARATUS AND MATERI ALS

a. Commercial kitchen or honme-use nicrowave ovens shall not be used for the
di gestion of sanples under this contract. The oven cavity nust be
corrosion resistant and well ventilated. Al electronics nust be
prot ected agai nst corrosion for safe operation

b. M crowave oven wi th progranmabl e power settings up to at |east 600
Watts.
C. The system nust use PFA Tefl on® digestion vessels (120 nL capacity)

capabl e of withstanding pressures of up to 110 +10 psi (7.5 0.7 atn
These vessel s are capable of controlled pressure relief at pressures
exceedi ng 110 psi.

d. A rotating turntable nust be used to ensure honogeneous distribution of
m crowave radiation within the oven. The speed of the turntable nust be
a mnimumof 3 rpm

e. Pol ymeric volunetric ware in plastic (Teflon® or polyethylene) 50 nL or
100 nmL capacity.

f VWhat man No. 41 filter paper (or equivalent).

g. Di sposabl e pol ypropyl ene filter funnel

h Anal yti cal bal ance, 300 g capacity, and m ni mum +0. 01 g.
i Pol yet hyl ene bottles, 125 nL, with caps.

REAGENTS

a. ASTM Type Il water (ASTM D1193): water must be nonitored.
b. Sub- boi | ed, concentrated nitric acid (sp. gr. 1.41).

C. Concentrated hydrochloric acid (sp. gr. 1.19).

M CROMVE CALI BRATI ON PROCEDURE

a. The calibration procedure is a critical step prior to the use of any
m crowave unit. The mcrowave unit nust be calibrated every six nonths.
The calibration data for each calibration nust be available for review
during on-site audits. |In order that absolute power settings may be
i nterchanged from one mcrowave unit to another, the actual delivered
power mnust be determ ned.

Calibration of a |aboratory mcrowave unit depends on the type of

el ectronic systemused by the manufacturer. |If the unit has a

preci se and accurate linear relationship between the output power and
the scale used in controlling the mcrowave unit, then the

calibration can be a two-point calibration at nmaxi mum and 40% power. |If
the unit is not accurate or precise for some portion of the

controlling scale, then a multiple-point calibration is necessary. |If
the unit power calibration needs a nultiple-point calibration, then the
poi nt where linearity begins must be identified. For exanple:

a calibration at 100, 99, 98, 97, 95, 90, 80, 70, 60, 50 and 40%

power settings can be applied and the data plotted. The non-linear
portion of the calibration curve can be excluded or restricted

in use. Each percent is equivalent to approximately 5.5 - 6 watts and
becomes the smallest unit of power that can be controlled. If 20 - 40
watts are contained from 99-100% that portion of the m crowave
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Exhi bit D Section Il

calibration is not controllable by 3-7 tines that of the Iinear portion
of the control scale and will prevent duplication of precise power
conditions specified in that portion of the power scale.

The power available for heating is evaluated so that the absol ute power
setting (watts) may be conpared from one mcrowave to another. This is
acconpl i shed by neasuring the tenperature rise in 1 Kg of water exposed
to mcrowave radiation for a fixed period of time. The water is placed
in a Teflon® beaker (or a beaker that is nmade of some other materia

t hat does not adsorb m crowave energy) and stirred before neasuring the
tenperature. d ass beakers adsorb nicrowave energy and may not be used
The initial tenperature of the water nust be between 19 and 25 °C. The
beaker is circul ated continuously through the field for at least two (2)
m nutes at full power. The beaker is renoved fromthe mcrowave, the
water is stirred vigorously, and the final tenperature is recorded. The
final reading is the maxi mumtenperature reading after each energy
exposure. These neasurenents nust be accurate to + 0.1 °C and nade
within 30 seconds of the end of heating. |If nore neasurenents are
needed, do not use the same water until it has cooled down to room
tenmperature. Qherw se, use a fresh water sanple

The absorbed power is determ ned by the follow ng fornul a:

P=(K _(C) (m (DT)
t

Wer e:

P = The apparent power absorbed by the sanple in watts (joul es per second),
K = The conversion factor for thernochenical calories per second to watts
(=4.184),

ggIZrTQiﬂ?%gﬁ capacity, thermal capacity, or specific heat (cal. g*' °C? of
m = The mass of the sanple in grans (g),

DT = the final tenperature mnus the initial tenmperature (°C), and

t =the time in seconds (S)

Using 2 mnutes and 1 Kg of distilled water, the calibration equation
simplifies to:

P = (DT) (34.87).

The m crowave user can now relate power in watts to the percent power setting

of the m crowave.
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(1)

(2)
(3)

(4)
(5)

(6)

(1)
(2)
(3)

(1)

(2)
(3)

(4)

(5)

CLEANI NG PROCEDURE

The initial cleaning of the PFA vessels:

Prior to first use - new vessels nust be anneal ed before they are used. A
pretreatment/cl eani ng procedure nmust be followed. This procedure calls for
heating the vessels for 96 hours at 200°C. The vessels nust be disassenbl ed
during annealing and the sealing surfaces (the top of the vessel or its rim
must not be used to support the vessel during annealing.

Rinse in ASTM Type | water.

Imrerse in 1:1 HO for a mininumof 3 hours after the cleaning bath has
reached a tenperature just bel ow boiling.

Rinse in ASTM Type | water.

Inrerse in 1:1 HNG, for a mininumof 3 hours after the cleaning bath has
reached a tenperature just bel ow boiling.

The vessels are then rinsed with copi ous ambunts of ASTM Type | water prior to
use for any anal yses under this contract.

d eani ng procedure between sanpl e digestions

Wash entire vessel in hot water using |aboratory-grade nonphosphate detergent.
Rinse with 1:1 nitric acid.

Rinse three times with ASTM Type | water. |If contaminants are found in the
preparation blank, it is mandatory that steps a(2) through a(6) be strictly
adhered to.

DI GESTI ON PROCEDURE

Water Sanpl e Digestion Procedure

A 45 nL aliquot of the sanple is measured into Tefl on® di gestion vessels using
vol unetric gl assware.

5 nL of high purity concentrated HNG, i s added to the digestion vessels.

The caps with the pressure rel ease val ves are placed on the vessels hand tight
and then tightened, using constant torque, to 12 ft./lbs. The weight of each
vessel is recorded to 0.02 g.

Place 5 sanple vessels in the carousel, evenly spaced around its periphery in
the m crowave unit. Venting tubes connect each sanple vessel with a
collection vessel. Each sanple vessel is attached to a clean, double-ported
vessel to collect any sanple expelled fromthe sanple vessel in the event of
over pressurization. Assenbly of the vessels into the carousel nay be done

i nsi de or outside the mcrowave.

This procedure is energy balanced for five 45 nL water sanples (each with 5 nL
of acid) to produce consistent conditions. Wen fewer than 5 sanples are
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(6)

(7)

(9)

(1)
(2)

(3)

(4)
(5)

di gested, the remaining vessels nmust be filled with 45 nL of tap, D or Type
Il water and 5 nL of concentrated nitric acid.

Newer m crowave ovens may be capabl e of hi gher power settings which may all ow
a larger nunmber of sanples. |If the analyst w shes to digest nore than 5
sanples at a time, the analyst may use different power settings as |ong as
they result in the same time tenperature conditions defined in the power
progranmm ng for this nethod.

The initial tenperature of the sanples should be 24 + 1°C. The preparation
bl ank rmust have 45 nL of deionized water and the same anmount (5 nL) of acid
that is added to the sanpl es.

The m crowave unit first-stage program nust be set to give 545 watts for 10

m nutes and the second-stage programto give 344 watts for 10 minutes. This
sequence brings the sanples to 160 +4°C in ten mnutes and permts a slowrise
to 165-170 °C during the second 10 ni nutes.

Foll owing the 20 minute program the sanples are left to cool in the mcrowave
unit for five mnutes, with the exhaust fan ON. The sanpl es and/or carouse
may then be renoved fromthe mcrowave unit. Before opening the vessels, |et
cool until they are no | onger hot to the touch

After the sanple vessel has cool ed, weigh the sanple vessel and conpare to the
initial weight as reported in the preparation | og. Any sanple vesse
exhibiting a < 0.5 g | oss nmust have any excess sanple fromthe associ at ed

coll ection vessel added to the original sanple vessel before proceeding with
the sanpl e preparation. Any sanple vessel exhibiting a > 0.5 g | oss nust be
identified in the preparation |l og and the sanpl e redigested.

Sanple Filtration:

The di gested sanples are shaken well to mx in any condensate within the

di gestion vessel before being opened. The digestates are then filtered into
50 nL glass volunetric flasks through ultra-clean filter paper and diluted to
50 nL (if necessary). The sanples are now ready for analysis. The sample
results must be corrected by a factor of 1.11 in order to report fina
concentration values based on an initial volume of 45 nL. Concentrations so
determ ned shall be reported as "total."

Soil Sanple Digestion Procedure

Add a representative 0.5 +0.050 grans of sanple to the Tefl on® PFA vessel

Add 10 +0.1 nL of concentrated nitric acid. |If a vigorous reaction occurs,
allow the reaction to stop before capping the vessel

Cap the vessel, then tighten using constant torque to 12 ft/lbs, according to
the manufacturer's direction

Connect the sanple vessel to the overfl ow vessel using Teflon® PFA tubing.

Wei gh the vessel assenbly to the nearest 0.01g.
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(6)

(7)

(8)

(9)

(10)

(11)

(12)

Pl ace sanmpl e vessels in groups of 2 sanple vessels or 6 sanple vessels in the
carousel, evenly spaced around its periphery in the mcrowave unit. [If fewer
than the recomended nunber of sanples are to be digested (i.e., 3 sanples
plus 1 blank) then the remaining vessels nust be filled with 10 nL of nitric
acid to achieve the full conplenment of vessels.

Each sanpl e vessel nust be attached to a clean, double-ported vessel to

coll ect any sanple expelled fromthe sanple vessel in the event of over
pressurization. Assenbly of the vessels into the carousel may be done inside
or outside the mcrowave. Connect the overflow vessel to the center well of
t he oven.

The preparation bl ank nust have 0.5 nL of deionized water and the same anpunt
(10 m.) of acid that is added to the sanples. The preparation bl ank nust
later be diluted to 50 nL in the same manner as the sanples.

Irradiate the 2 sanple vessel group at 344 watts for 10 m nutes, or the 6-
sanmpl e vessel group at 574 watts for 10 m nutes.

This program brings the sanples to 175°Cin 5.5 mnutes; the tenperature
remai ns between 170-180°C for the bal ance of the 10 m nute irradiation peri od.
The pressure should peak at | ess than 6 atmfor nost sanples. The pressure
may exceed these limts in the case of high concentrations of carbonate or
organi ¢ conmpounds. In these cases, the pressure will be Iimted by the relief
pressure of the vessel to 7.5 +0.7 atm

Al ow the vessels to cool for a mninmumof five mnutes before renoving them
fromthe microwave unit, with exhaust fan ON. Allow the vessels to cool to
room tenperature before opening. The vessels nust be carefully vented and
uncapped in a funme hood.

Wei gh each vessel assenbly. |If the weight of acid plus the sanple has
decreased by nore than 10% fromthe original weight, discard the digests.
Determ ne the reason for the loss. Losses typically are attributed to use of
digestion tine longer than ten mnutes, using too |large of a sanple, or having
i nproper heating conditions. Once the source of the | osses has been
corrected, prepare a new set of samples for digestion

Sanple Filtration:

Shake the sanple well to mix in any condensate within the digestion vesse

bef ore being opened. Filter the digestion vessel into a 50 nL gl ass
volunetric flask through ultra-clean filter paper. Rinse the sanple digestion
vessel, cap, connecting tube, and (if venting occurred) the overfl ow vesse
into the 50 nL gl ass fl ask. Dilute to 50 nL. The sanples are now ready for
anal ysis. Concentrations so determ ned shall be reported as "total ."

Cal cul ati ons:

The concentrations determned in the digest are to be reported on the basis of
the dry weight of the sanple.

Concentration (dry w.) (ng/Kg) = Cx V
Wx S
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\Wer e
C = Concentration (ng/lL)
V = Final volume in liters after sanple
preparation
W= Wight in Kg of wet sample
S = % Solids/ 100

MERCURY AND CYANI DE PREPARATI ON

Refer to each specific nethod in this Exhibit for mercury and cyani de
pr eparati ons.
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PART A - | NDUCTI VELY COUPLED PLASMA- ATOM C EM SSI ON SPECTROMVETRI C METHOD

Met hod 200.7 CLP-M
I NDUCTI VELY COUPLED PLASMA- ATOM C EM SSI ON SPECTROVETRI C METHOD
FOR TRACE ELEMENT ANALYSI S OF WATER AND WASTES

1. Scope and Application

1.1 Di ssolved el enents are determined in filtered and acidified sanples.
Appropriate steps nust be taken in all analyses to ensure that potentia
interferences are taken into account. This is especially true when dissol ved
solids exceed 1500 ng/L. (See 4.)

1.2 Total elenents are determ ned after appropriate digestion procedures are
performed. Since digestion techniques increase the dissolved solids content
of the sanples, appropriate steps nmust be taken to correct for potentia
interference effects. (See 4.)

1.3 Table 1 lists elenments along with recommended wavel engths and typica
estimated instrunmental detection |[imts using conventional pneumatic
nebul i zation. Actual working detected |imts are sanpl e dependent and as the
sanple matrix varies, these concentrations may also vary. 1In tine, other
el ements may be added as nore information becones avail abl e and as required.

1.4 Because of the differences between various makes and nodel s of satisfactory
instruments, no detailed instrunental operating instructions can be provided.
Instead, the analyst is referred to the instructions provided by the
manuf acturer of the particular instrument.

2. Sunmary of Met hod

The nmet hod describes a technique for the sinultaneous or sequentia

mul ti el enent determination of trace elenents in solution. The basis of the
met hod i s the nmeasurenment of atom c em ssion by an optical spectroscopic
techni que. Sanples are nebulized and the aerosol that is produced is
transported to the plasma torch where excitation occurs. Characteristic

atom c-line em ssion spectra are produced by a radio-frequency inductively
coupled plasma (1 CP). The spectra are dispersed by a grating spectroneter and
the intensities of the lines are nonitored by a photosensitive device. The
phot ocurrents fromthe photosensitive device are processed and controlled by a
conput er system A background correction technique is required to conpensate
for variabl e background contribution to the determ nati on of trace el enents.
Background must be neasured adjacent to analyte |lines on sanples during

anal ysis. The position selected for the background intensity neasurenent, on
either or both sides of the analytical line, will be determ ned by the
conplexity of the spectrum adjacent to the analyte line. The position used
must be free of spectral interference and reflect the same change in
background intensity as occurs at the anal yte wavel ength neasured. Background
correction is not required in cases of |ine broadening where a background
correction nmeasurenment woul d actually degrade the analytical result. The

"CLP-M nodified for the Contract Laboratory Program
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possibility of additional interferences named in 4.1 (and tests for their
presence as described in 4.2) should al so be recogni zed and appropriate
corrections made.

3. Safety

The toxicity or carcinogenicity of each reagent used in this nethod has not
been precisely defined; however, each chem cal conpound should be treated as a
potential health hazard. The |aboratory is responsible for maintaining a
current awareness file of OSHA regul ations regarding the safe handling of the
chemicals specified in this nmethod. A reference file of material handling
data sheets should be nade available to all personnel involved in the chemnca
anal ysi s.

4. Interferences

4.1 Several types of interference effects may contribute to inaccuracies in the
determ nation of trace elements. They can be sunmarized as foll ows:

4.1.1 Spectral interferences can be categorized as 1) overlap of a spectra
line from anot her elenment; 2) unresolved overlap of nol ecul ar band
spectra; 3) background contribution from continuous or reconbination
phenonena; and 4) background contribution fromstray light fromthe
line em ssion of high concentration elenents. The first of these
ef fects can be conpensated by utilizing a computer correction of the
raw data, requiring the nmonitoring and neasurenent of the interfering
el ement. The second effect may require selection of an alternate
wavel ength. The third and fourth effects can usually be conpensated
by a background correction adjacent to the analyte line. 1In addition
users of sinultaneous nulti-elenent instrunmentation nust assune the
responsibility of verifying the absence of spectral interference from
an el ement that could occur in a sanple but for which there is no
channel in the instrument array.

Listed in Table 2 are sone interference effects for the reconmended
wavel engths given in Table 1. The data in Table 2 are intended for
use only as a rudinentary guide for the indication of potentia
spectral interferences. For this purpose, |inear relations between
concentration and intensity for the analytes and the interferents can
be assuned. The interference information, which was collected at the
Ames Laboratory™, is expressed as anal yte concentration equivalents
(i.e., false analyte concentrations) arising from 100 ng/L of the
interferent elenent.

The suggested use of this information is as follows: Assune that
arsenic (at 193.696 nm is to be determ ned in a sanple containing
approxi mately 10 ng/L of alum num According to Table 2, 100 ng/L of
aluminumwoul d yield a fal se signal for arsenic equivalent to
approximately 1.3 ng/L. Therefore, 10 ng/L of al um num would result
in a false signal for arsenic equivalent to approximtely 0.13 ng/L.
The reader is cautioned that other analytical systens may exhibit
sonmewhat different |levels of interference than those shown in Table

** Anes Laboratory, USDOE, lowa State University, Anes, |lowa 50011
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.2

2, and that the interference effects nust be eval uated for each

i ndi vidual system Only those interferents |isted were investigated
and the bl ank spaces in Table 2 indicate that neasurable interferences
were not observed fromthe interferent concentrations listed in Table
3. Cenerally, interferences were discernible if they produced peaks
or background shifts corresponding to 2-5% of the peaks generated by

t he anal yte concentrations also listed in Table 3.

At present, information on the listed silver and potassi um wavel engt hs
is not available but it has been reported that second order energy
fromthe magnesi um 383. 231 nm wavel ength interferes with the |isted
potassium|line at 766.491 nm

4.1.2 Physical interferences are generally considered to be effects
associ ated with the sanple nebulization and transport processes. Such
properties as change in viscosity and surface tension can cause
significant inaccuracies especially in sanples which may contain high
di ssol ved solids and/or acid concentrations. The use of a peristaltic
punp may | essen these interferences. |If these types of interferences
are operative, they nust be reduced by dilution of the sanmple and/or
utilization of standard addition techniques. Another problem which
can occur from high dissolved solids is salt buildup at the tip of the
nebulizer. This affects aerosol flow rate causing instrunental drift.

Wetting the argon prior to nebulization, the use of a tip washer, or
sanmpl e dilution has been used to control this problem Also, it has
been reported that better control of the argon flow rate inproves

i nstrument performance. This is acconplished with the use of nass
flow controllers.

4.1.3 Chemical interferences are characterized by nol ecul ar conpound
formation, ionization effects and solute vaporization effects.
Normal |y these effects are not pronounced with the I CP technique,
however, if observed they can be mnimzed by careful selection of
operating conditions (that is, incident power, observation position
and so forth), by buffering of the sanple, by matrix matching, and by
standard addition procedures. These types of interferences can be
hi ghl y dependent on matrix type and the specific analyte el enment.

Prior to reporting concentration data for the anal yte el enents, the Contractor
shal | analyze and report the results of the ICP Serial Dilution Analysis. The
ICP Serial Dilution Analysis shall be perforned on a sanple from each group of
sanples of a simlar matrix type (i.e., water, soil) and concentration (i.e.

l ow, nediun) or for each Sanple Delivery G oup, whichever is nore frequent.
Sanples identified as field blanks cannot be used for Serial Dilution

Anal ysi s.

If the analyte concentration is sufficiently high (mninmally a factor of 50
above the instrunmental detection limt in the original sanple), the seria
dilution (a five fold dilution) shall then agree within 10% of the origina
determ nation after correction for dilution. |If the dilution analysis for one
or nore analytes is not within 10% a chem cal or physical interference effect
nmust be suspected, and the data for all affected analytes in the sanples

recei ved associated with that serial dilution must be flagged with an "E' on
FORM | X-1 N and FORM | - I N.
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Appar at us

I nductively Coupled Pl asma- At om ¢ Em ssion Spectroneter.

5.1.1 Conmputer controlled atom c eni ssion spectroneter with background
correction.

5.1.2 Radi o frequency generat or
5.1.3 Argon gas supply, welding grade or better

Operating conditions -- Because of the differences between various nmakes and
nodel s of satisfactory instruments, no detail ed operating instructions can be
provided. Instead, the analyst should follow the instructions provided by the
manuf acturer of the particular instrument. Sensitivity, instrunenta
detection limt, precision, linear dynam c range, and interference effects
must be investigated and established for each individual analyte Iine on that
particular instrument. All npeasurenents nmust be within the instrunent |inear
range where correction factors are valid. It is the responsibility of the
analyst to verify that the instrunent configuration and operating conditions
used satisfy the analytical requirenments and to maintain quality control data
confirmng instrunent performance and anal ytical results.

Reagent s and St andards

Acids used in the preparation of standards and for sample processing nust be
ultra-high purity grade or equivalent. Redistilled acids are acceptable.

6.1.1 Acetic acid, conc. (sp gr 1.06).
6.1.2 Hydrochl oric acid, conc. (sp gr 1.19).

6.1.3 Hydrochloric acid, (1+1): Add 500 nmL conc. HCLl (sp gr 1.19) to 400
nm_ dei oni zed, distilled water and dilute to 1 liter

6.1.4 Nitric acid, conc. (sp gr 1.41).

6.1.5 Nitric acid, (1+1): Add 500 nmL conc. HNO, (sp gr 1.41) to 400 nL
deioni zed, distilled water and dilute to 1 liter

Dei oni zed, distilled water: Prepare by passing distilled water through a

m xed bed of cation and ani on exchange resins. Use deionized, distilled water
for the preparation of all reagents and calibration standards and as dilution
water. The purity of this water nmust be equivalent to ASTM Type Il reagent
wat er of Specification D 1193.

Standard stock solutions may be purchased or prepared fromultra high purity

grade chem cals or nmetals. Al salts nust be dried for 1 hour at 105° C
unl ess ot herw se specified.
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(CAUTION: Many netal salts are extrenmely toxic and may be fatal if swall owed.
Wash hands thoroughly after handling.) Typical stock solution preparation
procedures foll ow

6.3.1

Al um num sol ution, stock, 1 mL = 100 ug Al: D ssolved 0.100 g of
alumnumnetal in an acid mxture of 4 mL of (1+1) HC1 and 1 nL of
conc. HNO, in a beaker. Warmgently to effect solution. Wen
solution is conplete, transfer quantitatively to a liter flask, add an
additional 10 nL of (1+1) HCl and dilute to 1000 nmL with dei oni zed,
distilled water.

Antinmony solution stock, 1 nmL = 100 ug Sb: Dissolve 0.2669 g
K(ShbO) C,H,O; i n deionized distilled water, add 10 nL (1+1) HCl and
dilute to 1000 nL with deionized, distilled water.

Arsenic solution, stock, 1 nL = 100 ug As: Dissolve 0.1320 g of As,0O,
in 100 nL of deionized, distilled water containing 0.4 g NaCH.
Acidify the solution with 2 nL conc. HNQ, and dilute to 1,000 nL with
dei oni zed, distilled water.

Barium sol ution, stock, 1 nL = 100 ug Ba: Dissolve 0.1516 g Bad,
(dried at 250°C for 2 hrs) in 10 nL deionized, distilled water with 1
m. (1+1) HO. Add 10.0 nL (1+1) HO and dilute to 1,000 nL with

dei oni zed, distilled water.

Beryllium solution, stock, 1 mL = 100 ug Be: Do not dry. Dissolve
1.966 g BeSO,4H,0, in deionized, distilled water, add 10.0 nL conc.
HNO, and dilute to 1,000 nL with deionized, distilled water.

Boron solution, stock, 1 nmL = 100 ug B: Do not dry. Dissolve 0.5716
g anhydrous H,BO, i n deionized, distilled water and dilute to 1,000

m.. Use a reagent neeting ACS specifications, keep the bottle tightly
stoppered and store in a desiccator to prevent the entrance of

at nospheri c noi sture.

Cadmi um sol ution, stock, 1 mL = 100 ug Cd: Dissolve 0.1142 g CdOin a
m ni mrum anmount of (1+1) HNGO,. Heat to increase rate of dissolution.
Add 10.0 nL conc. HNQ, and dilute to 1,000 nL with deionized,

distilled water.

Cal ci um sol ution, stock, 1 nL = 100 ug Ca: Suspend 0.2498 g CaCoO,
dried at 180°C for 1 h before weighing in deionized, distilled water
and dissolve cautiously with a mnimum anmount of (1+1) HNG,. Add
10.0 nmL conc. HNO, and dilute to 1,000 nL with deionized, distilled
wat er .

Chrom um sol ution, stock, 1 nL = 100 ug C: Dissolve 0.1923 g of OO,
in deionized, distilled water. Wen solution is conplete acidify with
10 nL conc. HNGQ, and dilute to 1,000 nL with deionized, distilled
wat er .

Cobalt solution stock, 1 nL = 100 ug Co: Dissolve 0.1000 g of cobalt

netal in a mninumanount of (1+1) HNG,. Add 10.0 nL (1+1) HO and
dilute to 1,000 nL with deionized, distilled water.
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.16
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.18
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. 20

.21

.22

.23

Copper solution, stock, 1 mL = 100 ug Cu: Dissolve 0.1252 g CuOin a
m ni mum anmount of (1+1) HNGO,. Add 10.0 nL conc. HNGQ, and dilute to
1,000 nL with deionized, distilled water.

Iron solution, stock, 1 nL = 100 ug Fe: Dissolve 0.1430 g Fe,O, in a
warm m xture of 20 nL (1+1) HClL and 2 nL of conc. HNG,. Cool, add an
additional 5 nL of conc. HNO, and dilute to 1,000 nL with deionized,
distilled water.

Lead solution, stock, 1 nL = 100 ug Pb: Dissolve 0.1599 g Pb(NG), in
a mni num anount of (1+1) HNG,. Add 10.0 nmL of conc. HNO, and dilute
to 1,000 nL with deionized, distilled water.

Magnesi um sol ution, stock, 1 mL = 100 ug My: Dissolve 0.1658 g MJO in
a mni num anount of (1+1) HNG,. Add 10.0 nmL conc. HNGO, and dilute to
1,000 nL with deionized, distilled water.

Manganese sol ution, stock, 1 mL = 100 ug Wh: Dissolve 0.1000 g of
manganese netal in the acid m xture, 10 nL conc. HCLl and 1 nlL conc.
HNG,, and dilute to 1,000 nL with deionized, distilled water.

Mol ybdenum sol uti on, stock, 1 nmL = 100 ug Mo: Dissolve 0.2043 g
(NH,) 2MbQ, in deionized, distilled water and dilute to 1,000 niL.

Ni ckel solution, stock, 1 nmL = 100 ug Ni: Dissolve 0.1000 g of nickel
metal in 10 nL hot conc. HNG,, cool and dilute to 1,000 nL with
dei oni zed, distilled water.

Pot assi um sol ution, stock, 1 mL = 100 ug K= Dissolve 0.1907 g KCI,
dried at 110°C, in deionized, distilled water. Dilute to 1,000 nL.

Sel eni um sol ution, stock, 1 nL = 100 ug Se: Do not dry. Dissolve
0.1727 g H,SeQ, (actual assay 94.6% in deionized, distilled water and
dilute to 1,000 L.

Silica solution, stock, 1 nL = 100 ug SiQ: Do not dry. Dissolve
0.4730 g Na,Si 0;,9H,0 i n deionized, distilled water. Add 10.0 nL
conc. HNO, and dilute to 1,000 nL with deionized, distilled water.

Silver solution, stock, 1 nL = 100 ug Ag: Dissolve 0.1575 g AgNG, in
100 nL of deionized, distilled water and 10 nL conc. HNO,. Dilute
to 1,000 nL with deionized, distilled water.

Sodi um sol ution, stock, 1 mL = 100 ug Na: Dissolve 0.2542 g NaCl in
dei oni zed, distilled water. Add 10.0 nL conc. HNG, and dilute to
1,000 nL with deionized, distilled water.

Thal I'i um sol ution, stock, 1 nL = 100 ug Tl: Dissolve 0.1303 g TI NG

in deionized, distilled water. Add 10.0 nmL conc. HNO, and dilute to
1,000 nL with deionized, distilled water.
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6.4

6.3.24 Vanadium solution, stock, 1 nmL = 100 ug V: Dissolve 0.2297 NHVGQ, in
a mni num anount of conc. HNO,. Heat to increase rate of
di ssolution. Add 10.0 nL conc. HNO, and dilute to 1,000 nmL with
dei oni zed, distilled water.

6.3.25 Zinc solution, stock, 1 nmL = 100 ug Zn: Dissolve 0.1245 g ZnOin a
m ni mum anount of dilute HNG,. Add 10.0 nL conc. HNO, and dilute to
1,000 nL with deionized, distilled water

M xed calibration standard solutions -- Prepare mxed calibration standard

sol utions by comnbi ning appropriate volunmes of the stock solutions in
volunetric flasks. (See 6.4.1 thru 6.4.5.) Add 2 nL of (1+1) HNGQ, and 10 niL
of (1+1) HO and dilute to 100 mL with deionized, distilled water. (See NOTE
in 6.4.5.) Prior to preparing the nm xed standards, each stock solution should
be anal yzed separately to deternm ne possible spectral interference or the
presence of inpurities. Care should be taken when preparing the m xed
standards that the el enents are conpatible and stable. Transfer the m xed
standard solutions to a FEP fl uorocarbon or unused pol yet hyl ene bottle for
storage. Fresh m xed standards should be prepared as needed with the
realization that concentration can change on aging. Calibration standards
must be initially verified using a quality control sanple and nonitored weekly
for stability (see 6.6.3). Although not specifically required, sone typica
calibration standard conbi nations foll ow when using those specific wavel engt hs
listed in Table 1.

6.4.1 M xed standard solution | -- Manganese, beryllium cadm um |ead, and
zi nc.

6.4.2 M xed standard solution Il -- Barium copper, iron, vanadium and
cobal t.

6.4.3 M xed standard solution Il -- Ml ybdenum silica, arsenic, and
sel eni um

6.4.4 M xed standard solution IV -- Calcium sodium potassium alum num
chrom um and ni ckel

6.4.5 M xed standard solution V -- Antinony, boron, magnesium silver, and
thal | i um
NOTE: If the addition of silver to the recommended aci d conbi nati on

results in an initial precipitation, add 15 nL of deionized distilled
water and warmthe flask until the solution clears. Cool and dilute
to 100 nL with deionized, distilled water. For this acid conbination
the silver concentration should be limted to 2 ng/L. Silver under
these conditions is stable in a tap water matrix for 30 days. Higher
concentrations of silver require additional HJ.

Two types of blanks are required for the analysis. The calibration blank (see
Exhibit E) is used in establishing the analytical curve while the reagent

bl ank (preparation blank, Exhibit E) is used to correct for possible

contam nation resulting fromvarying anounts of the acids used in the sanple
processi ng.
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6.5.1 The calibration blank is prepared by diluting 2 nL of (1+1) HNGO, and
10 mL of (1+41) HCl1 to 100 nmL with deionized, distilled water. Prepare
a sufficient quantity to be used to flush the system between standards
and sanpl es.

6.5.2 The reagent blank (or preparation blank - see Exhibit E) nmust contain
all the reagents and in the sane volunmes as used in the processing of
the sanples. The reagent blank nust be carried through the conplete
procedure and contain the sane acid concentration in the fina
solution as the sanple solution used for anal ysis.

In addition to the calibration standards, an instrument check standard, an
i nterference check sanple and a quality control sanmple are also required for
t he anal yses (see Exhibit E)

6.6.1 The instrunment check standard for continuing calibration verification
is prepared by the anal yst by conbining conpati ble elenents at a
concentration equivalent to the md-points of their respective
cal i bration curves.

6.6.2 The interference check sanple is prepared by the anal yst, or obtained
fromEPA if available.

6.6.3 The quality control sanple for the initial calibration verification
shoul d be prepared in the same acid matrix as the calibration
standards and in accordance with the instructions provided by the
supplier.

Pr ocedur e

Set up instrument with proper operating paranmeters established in Section 5. 2.
The instrunment nmust be allowed to become thernmally stabl e before begi nning.
This usually requires at least 30 min. of operation prior to calibration

Initiate appropriate operating configuration of conputer.

Profile and calibrate instrunent according to instrunent manufacturer's
recommended procedures, using mxed calibration standard sol uti ons such as
those described in Section 6.4. Flush the systemw th the calibration bl ank
(6.5.1) between each standard. (NOTE: For boron concentrations greater than
500 ug/L extended flush times of 1 to 2 mnutes nmay be required.)

Begin the sanple run flushing the systemw th the calibration blank sol ution
(6.5.1) between each sanple. (See NOTE in 7.3.) Analyze the instrunent check
standard (6.6.1) and the calibration blank (6.5.1) each 10 anal ytical sanples.

A mnimmof two replicate exposures is required for standardi zation and al

C and sanpl e anal yses. The average result of the nultiple exposures for the
standardi zati on and all QC and sanpl e anal yses shall be used.
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Cal cul ation

Reagent bl anks (preparation blanks) shall be treated as specified in Exhibit
E

If dilutions were perforned, the appropriate factor shall be applied to sample
val ues.

Units shall be clearly specified.

Quality Control (lInstrunental)

Quality control shall be performed as specified in Exhibit E
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(1)

(2)

(3)

TABLE 1 - RECOMMENDED WAVELENGTHS AND ESTI MATED
| NSTRUMENTAL DETECTION LIM TS
Esti mated Detection
El ement Wavel engt h, nn{1) Limt, ug/L(2)

Al um num 308. 215 45
Ant i nony 206. 833 32
Arsenic 193. 696 53
Barium 455. 403 2
Beryllium 313. 042 0.3
Bor on 249.773 5
Cadm um 226. 502 4
Cal ci um 317.933 10
Chrom um 267.716 7
Cobal t 228.616 7
Copper 324. 754 6

I ron 259. 940 7
Lead 220. 353 42
Magnesi um 279. 079 30
Manganese 257.610 2
Mol ybdenum 202. 030 8

Ni ckel 231. 604 15
Pot assi um 766. 491 See(3)
Sel eni um 196. 026 75
Silica (Si0,) 288. 158 58
Sil ver 328. 068 7
Sodi um 588. 995 29
Thal | i um 190. 864 40
Vanadi um 292. 402 8

Zi nc 213. 856 2

The wavel engths |isted are recommended because of their sensitivity and overall

accept ance.

O her wavel engths may be substituted if they can provide the

needed sensitivity and are treated with the sane corrective techniques for

spectral

i nterference.

reported (in nm with the sanple data.

The estimated instrunental

detection limts as shown are

taken from

(See 4.1.1.) The use of alternate wavel engths nust be

"I'nductively Coupl ed Pl asma- At om ¢ Eni ssion Spectroscopy-Prom nent Lines," EPA-

600/ 4-79- 017.

They are given as a guide for an instrunental

limt.

The act ual

met hod detection limts are sanple dependent and nmay vary as the sanple matrix

vari es.

H ghly dependent on operating conditions and pl asna position.
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Exhi bi t

D I CP- AES

TABLE 2. EXAMPLE OF ANALYTE CONCENTRATI ON EQUI VALENTS (M& L) AR SI NG FROM
| NTERFERENTS AT THE 100 M& L LEVEL
Wavel engt h, Interferent
Anal yte nm Al Cr Cu Fe My vh Ni Ti \%
Al um num 308. 215 -- -- -- -- -- 0.21 -- -- 1.4
Ant i mony 206. 833 0. 47 2.9 -- 0.08 -- -- -- .25 0.45
Arsenic 193. 696 1.3 0.44  -- -- -- -- -- -- 1.1
Bari um 455. 403 -- -- -- - -- -- -- -- --
Beryllium 313. 042 -- -- -- -- -- -- -- 0.04 0.05
Bor on 249.773 0.04 -- -- 0.32 -- -- -- -- --
Cadm um 226. 502 -- -- -- 0.03 -- -- 0. 02 -- --
Cal ci um 317.933 -- 0.08 -- 0.01 o0.01 0.04 -- 0.03 0.03
Chr om um 267.716 -- -- -- 0.003 -- 0.04 -- -- 0.04
Cobal t 228. 616 -- 0.03 -- 0.005 -- -- 0.03 0.15 - -
Copper 324.754 -- -- -- 0.003 -- -- -- 0.05 0.02
lron 259. 940 -- -- -- -- -- 0.12 -- -- --
Lead 220. 353 0.17 -- -- -- -- -- -- -- --
Magnesi um 279. 079 -- .02 0.11 -- 0.13 -- 0.25 -- 0.07 0.12
Manganese 257.610 0. 005 0.01 -- 0.002 0.002 -- -- -- --
Mol ybdenum 202. 030 0.05 -- -- 0.03 -- -- -- -- --
N ckel 231. 604 -- -- -- -- -- -- -- -- --
Sel eni um 196. 026 0.23 -- -- 0.09 -- -- -- -- --
Silicon 288. 158 -- 0.07 -- - -- -- -- -- 0.01
Sodi um 588. 995 -- -- -- - -- -- -- 0.08 --
Thal I'i um 190. 864 0. 30 -- -- - -- -- -- -- --
Vanadi um 292. 402 -- 0.05 -- 0.005 -- -- -- 0.02 --
Zi nc 213. 856 -- -- 14 -- -- -- 0.29 -- --
D 26 | LMD4. 0



Exhi bit D | CP- AES

TABLE 3. | NTERFERENT AND ANALYTE ELEMENTAL CONCENTRATI ONS USED
FOR | NTERFERENCE MEASUREMENTS | N TABLE 2

Anal yt es (mg/ L) Interferents (mog/ L)
Al 10 Al 1000
As 10 Ca 1000
B 10 Cr 200
Ba 1 Cu 200
Be 1 Fe 1000
Ca 1 My 1000
Cd 10 Vh 200
Co 1 Ni 200
Cr 1 Ti 200
Cu 1 \% 200
Fe 1
My 1
Vh 1
Mo 10
Na 10
Ni 10
Pb 10
Sh 10
Se 10
Si 1
Tl 10
\% 1
Zn 10
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PART B -

ATOM C ABSORPTI ON METHODS, FURNACE TECHNI QUE'

Anal vyt e/ Met hod

Anti nony -
Arsenic -

Beryl I'ium -
Cadmi um -

Chrom um -
Lead -
Sel eni um -
Silver -
Thal I i um -

“From " Met hods for Cheni cal

Met hod 204.2 CLP-M
Met hod 206.2 CLP-M
Met hod 210.2 CLP-M
Met hod 213.2 CLP-M

Met hod 218.2 CLP-M
Met hod 239.2 CLP-M
Met hod 270.2 CLP-M
Met hod 272.2 CLP-M
Met hod 279.2 CLP-M

Anal ysis of Water and Wastes"

Page No.

D29
D- 30
D32
D- 33
D- 34
D- 35
D 37
D39
D- 40

( EPA- 600/ 4- 79- 020),

4, as modified for use in the Contract Laboratory Program

"CLP-M nodi fied for

t he Contract

Laboratory Program

D28
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Exhi bit D Met hod 204. 2

ANTI MONY

Met hod 204.2 CLP-M (Atomic Absorption, Furnace Techni que)
Opt i num Concentrati on Range: 20-300 ug/L
Approxi mate Detection Limt: 3 ug/L
Preparation of Standard Sol ution

1. Stock solution: Carefully weigh 2.7426 g of antinony potassiumtartrate
(anal ytical reagent grade) and dissolve in deionized distilled water. Dilute
to 1l liter with deionized water. 1 nmL =1 ng Sb (1000 ng/L).

2. Prepare dilutions of the stock solution to be used as calibration standards at
the tine of analysis. These solutions are also to be used for "standard
additions."

3. The calibration standards nust be prepared using the sanme type of acid and at
the sane concentration as will result in the sanple to be anal yzed after sample
preparati on.

| nstrunent Paraneters (General)

1. Drying Time and Tenp: 30 sec @125°C

2. Ashing Tine and Tenp: 30 sec @ 800°C.

3. Atomizing Tine and Tenp: 10 sec @ 2700°C.

4. Purge Gas Atnosphere: Argon

5. Wavelength: 217.6 nm

6. Qperating paraneters should be set as specified by the particular instrunent
nanuf act urer.

Not es

1. The above concentration values and instrument conditions are for a Perkin-El ner

HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrol ytic graphite and are to be used as guidelines only. Smaller size
furnace devices or those enploying faster rates of atom zation can be operated
using | ower atom zation tenperatures for shorter time periods than the above
recomended settings.

2. The use of background correction is required.

w

Ni trogen may al so be used as the purge gas.

-

If chloride concentration presents a matrix problem or causes a | o0oss previous
to atom zation, add an excess 5 ng of ammoniumnitrate to the furnace and ash
using a ranp accessory or with increnental steps until the recommended ashi ng
tenperature i s reached.

5. For every sanple analyzed, verification is necessary to determ ne that nethod
of standard addition is not required (see Exhibit E).

6. If method of standard addition is required, follow the procedure given in
Exhi bit E.

"CLP-M nodified for the Contract Laboratory Program
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Exhi bit D Met hod 206. 2

ARSENI C

Met hod 206.2 CLP-M"™ (Atom c Absorption, Furnace Techni que)

Opt i num Concentrati on Range: 5-100 ug/L
Approxi mate Detection Limt: 1 ug/L

Preparation of Standard Sol ution

1. Stock solution: Dissolve 1.320 g of arsenic trioxide, As,0, (analytic |
grade) in 100 nL of deionized distilled water containing 4 g NaCH A& dirﬁ?gte}%
solution with 20 nL conc. HNO, and dilute to 1 liter. 1 nm =1 ng As (1000
ng/ 1) .
2. Nickel Nitrate Solution, 5% Dissolve 24.780 g of ACS reagent grade
Ni (NG) , 6H,O in deionized distilled water and nake up to 100 niL.

3. Nickel Nitrate Solution, 1% Dilute 20 mL of the 5% nickel nitrate to 100 nL
with deionized distilled water.

4. Working Arsenic Solution: Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. Wthdraw appropriate aliquots of
the stock solution, and add 1 nL of conc. HNG,, 2 nL of 30% H,0, and 2 nL of the
5% ni ckel nitrate solution. Dilute to 100 nL with deionized distilled water.

Sanpl e Preparation

1. Add 100 uL of the 5% nickel nitrate solution to 5 nL of the digested sanple.
The sanple is now ready for injection into the furnace.

Not e: Another matrix nodifier may be substituted for nickel nitrate if
recommended by the instrument manufacturer. The matrix nodifier used shall be
reported in the SDG Case Narrative.

| nstrunent Paraneters (General)

1. Drying Time and Tenp: 30 sec @ 125°C

2. Ashing Time and Tenp: 30 sec @1100°C.

3. Atomzing Time and Tenp: 10 sec @ 2700°C.

4. Purge Gas Atnosphere: Argon

5. Vavelength: 193.7 nm

6. Operating parameters should be set as specified by the particular instrument
manuf act urer.

Not es

1. The above concentration values and instrunment conditions are for a Perkin-El ner
HGA- 2100, based on the use of a 20 uL injection, purge gas interrupt and non-
pyrol ytic graphite. Smaller size furnace devices or those enploying faster rates
of atom zation can be operated using |lower atom zation tenperatures for shorter
time periods than the above reconmended settings.

2. The use of background correction is required. Background correction nade by the

deuterium arc nethod does not adequately conpensate for high levels of certain
interferents (i.e., Al, Fe). |If conditions occur where significant interference

"CLP-M nodified for the Contract Laboratory Program
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Exhi bit D Met hod 206. 2

is suspected, the lab must switch to an alternate wavel ength or take other
appropriate actions to conpensate for the interference effects.

For every sanple anal yzed, verification is necessary to determ ne that method of
standard addition is not required (see Exhibit E)

If nmethod of standard addition is required, follow the procedure given in
Exhi bit E.

The use of the El ectrodel ess Di scharge Lanps (EDL) for the light source is
reconmended.
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Exhi bit D Met hod 210. 2

BERYLLI UM
Met hod 210.2 CLP-M (Atomic Absorption, Furnace Techni que)

Opt i num Concentrati on Range: 1-30 ug/L
Approxi mate Detection Limt: 0.2 ug/L

Preparation of Standard Sol ution

1. Stock solution: Dissolve 11.6586 g of berylliumsulfate, BeSQO, in de. ni
distilled water containing 2 nL concentrated nitric acid and dilute td(l'l%‘?%r. 1
nmL = 1 ng Be (1000 nmg/L).

2. Prepare dilutions of the stock solution to be used as calibration standards at
the tine of analysis. These solutions are also to be used for "standard

additions."
3. The calibration standards nust be prepared using the sane type of acid and at
the sane concentration as will result in the sanple to be anal yzed after sample

pr epar ati on.

| nstrunent Paraneters (General)

Drying Time and Tenp: 30 sec @ 125°C

Ashing Time and Tenp: 30 sec @ 1000°C.

Atom zing Tinme and Tenp: 10 sec @ 2800°C.

Purge Gas At nosphere: Argon

Wavel ength:  234.9 nm

Qperating paraneters should be set as specified by the particular instrunent
manuf act urer.

ooRwOE

Not es

The above concentration values and instrunent conditions are for a Perkin-El ner
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrolytic graphite, and are to be used as guidelines only. Snaller size
furnace devices or those enploying faster rates of atom zation can be operated
using | ower atom zation tenperatures for shorter time periods than the above
recomended settings.

The use of background correction is required.

Because of possible chemi cal interaction, nitrogen should not be used as a purge
gas.

4. For every sanple analyzed, verification is necessary to determ ne that method of
standard addition is not required (see Exhibit E).

5. If method of standard addition is required, follow the procedure given in
Exhi bit E.

[

w N

"CLP-M nodified for the Contract Laboratory Program
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Exhi bit D Method 213. 2

CADM UM
Met hod 213.2 CLP-M (Atomic Absorption, Furnace Techni que)

Opt i num Concentrati on Range: 0.5-10 ug/L
Approxi mate Detection Limt: 0.1 ug/L

Preparation of Standard Sol ution

1. Stock solution: Carefully weigh 2.282 g of cadm um sul fate, 3 CdSO,8 ,,0
(anal ytical reagent grade) and dissolve in deionized distilled water. |_K/talke up
to 1l liter with deionized distilled water. 1 nm. =1 ng Cd (1000 ng/L).

2. Ammoni um Phosphate solution (40%: Dissolve 40 grans of ammoni um phosphat e,
(NH,) 2HPQ, (anal ytical reagent grade) in deionized distilled water and dilute to
100 L.

3. Prepare dilutions of stock cadm um solution to be used as calibration standards
at the tine of analysis. To each 100 nlL of standard and sanple alike add 2.0 nL
of the ammoni um phosphate solution. The calibration standards rmust be prepared
using the sane type of acid and at the sane concentration as will result in the
sanple to be anal yzed after sanple preparation.

| nstrunent Paraneters (General)

1. Drying Time and Tenp: 30 sec @ 125°C

2. Ashing Tinme and Tenp: 30 sec @500°C:

3. Atomizing Time and Tenp: 10 sec @ 1900°C.

4 Purge Gas Atnosphere: Argon

5. Vavel ength: 228.8 nm

6. Operating parameters should be set as specified by the particular instrument
manuf act urer.

Not es

1. The above concentration values and instrunment conditions are for a Perkin-El ner
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrol ytic graphite, and are to be used as guidelines only. Snaller size
furnace devices or those enploying faster rates of atom zation can be operated
using | ower atom zation tenperatures for shorter time periods than the above
recomended settings.

2. The use of background correction is required.

3. Contamination fromthe work area is critical in cadmum analysis. Use pipette

tips which are free of cadm um

4. For every sanple analyzed, verification is necessary to determ ne that method of
standard addition is not required (see Exhibit E).

5. If method of standard addition is required, follow the procedure given in
Exhi bit E.

"CLP-M nodified for the Contract Laboratory Program
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Exhi bit D Met hod 218. 2

CHROM UM
Met hod 218.2 CLP-M (Atomic Absorption, Furnace Techni que)

Opt i mum Concentrati on Range: 5-100 ug/L
Approxi mate Detection Limt: 1 ug/L

Preparation of Standard Sol ution
1. Stock solution: Prepare as described under Part C methods, AA Flame Techni que.

2. CalciumNtrate solution: Dissolve 11.8 grans of calciumnitrate, Ca(NQ) 2A4I—FO
(anal ytical reagent grade) in deionized distilled water and dilute to 100 nL." 1
n. = 20 ng Ca.

3. Prepare dilutions of the stock chromumsolution to be used as calibration
standards at the tine of analysis. The calibration standards nmust be prepared
using the sane type of acid and at the sane concentration as will result in the
sanple to be anal yzed after sanple preparation. To each 100 nlL of standard and
sanple alike, add 1 nL of 30% H0O, and 1 nL of the calciumnitrate sol ution.

| nstrunent Paraneters (General)

1. Drying Time and Tenp: 30 sec @ 125°C

2. Ashing Tinme and Tenp: 30 sec @ 1000°C.

3. Atomizing Time and Tenp: 10 sec @ 2700°C.

4. Purge Gas Atnosphere: Argon

5. Vavel ength: 357.9 nm

6. Operating parameters should be set as specified by the particular instrument
manuf act urer.

Not es

1. The above concentration values and instrunment conditions are for a Perkin El ner
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrolytic graphite, and are to be used as guidelines only.

2. Hydrogen peroxide is added to the acidified solution to convert all chromumto
the trivalent state. Calciumis added to a |evel above 200 ng/L where its
suppressi ve effect becomes constant up to 1000 ng/L.

3. Background correction is required.

4. N trogen should not be used as a purge gas because of possible CN band
interference.

5. Pipette tips have been reported to be a possible source of contam nation.

6. For every sanple analyzed, verification is necessary to determ ne that nethod

of standard addition is not required (see Exhibit E).

7. 1f method of standard addition is required, follow the procedure given in
Exhi bit E.

"CLP-M nodified for the Contract Laboratory Program
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Exhi bit D Met hod 239. 2

LEAD

Met hod 239.2 CLP-M (Atomic Absorption, Furnace Techni que)

Opt i num Concentrati on Range: 5-100 ug/L
Approxi mate Detection Limt: 1 ug/L

Preparation of Standard Sol ution

1. Stock solution: Carefully weigh 1.599 g of lead nitrate, Pb(NG), (anal .. |
reagent grade), and dissolve in deionized distilled water. Wen sol uti ghlica
conplete, acidify with 10 nL redistilled HNG, and dilute to 1 Liter with
dei oni zed distilled water. 1 nmL = 1 ng Pb (1000ng/L).

2. Lanthanum Nitrate solution: Dissolve 58.64 g of ACS reagent grade La,O, in
mL conc. HNQ, and dilute to 1000 nL with deionized distilled water. 1 nL - &y

nmg La.

3. Working Lead solution: Prepare dilutions of stock |lead solution to be used as
calibration standards at the tinme of analysis. The calibration standards nust
be prepared using the same type of acid and at the same concentration as wl|
result in the sanmple to be anal yzed after sanple preparation. To each 100 nlL of
diluted standard add 10 nL of the |anthanumnitrate sol ution.

Sanpl e Preparation

1. To each 100 nL of prepared sanple solution add 10 nL of the lanthanumnitrate
sol uti on.

Not e: Another matrix nodifier may be substituted for lanthanumnitrate if
recommended by the instrument manufacturer. The matrix nodifier used shall be
reported in the SDG Case Narrative.

| nstrunent Paraneters (General)

Drying Time and Tenp: 30 sec @ 125°C

Ashing Time and Tenp: 30 sec @500°C

Atom zing Tinme and Tenp: 10 sec @ 2700°C.

Purge Gas At nosphere: Argon

Wavel engt h:  283.3 nm

Qperating paraneters should be set as specified by the particular instrunent
manuf act urer.

Not es

The above concentration values and instrunent conditions are for a Perkin-El ner
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrolytic graphite, and are to be used as guidelines only. Snaller size
furnace devices or those enploying faster rates of atom zation can be operated
using | ower atom zation tenperatures for shorter time periods than the above
recomended settings.

The use of background correction is required.

Greater sensitivity can be achieved using the 217.0 nmline, but the optinmm
concentration range is reduced. The use of a |ead el ectrodel ess di scharge | anp
at this | ower wavel ength has been found to be advantageous. Also a |ower

atomi zation tenperature (2400°C) may be preferred.

ooRwOE
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Exhi bit D Met hod 239. 2

To suppress sulfate interference (up to 1500 ppm, |anthanumis added as the
nitrate to both sanples and calibration standards. (Atom c Absorption
Newsl etter Vol. 15, No. 3, p. 71, May-June 1976.)

Since gl assware contam nation is a severe problemin | ead analysis, al
gl assware shoul d be cl eaned i mediately prior to use, and once cl eaned, should
not be open to the atnobsphere except when necessary.

For every sanple anal yzed, verification is necessary to determne that method of
standard addition is not required (see Exhibit E)

If nmethod of standard addition is required, follow the procedure given in
Exhi bit E.

D- 36 | LMD4. 0



Exhi bit D Met hod 270. 2

SELENI UM
Met hod 270.2 CLP-M (Atomic Absorption, Furnace Techni que)

Opt i num Concentrati on Range: 5-100 ug/L
Approxi mate Detection Limt: 2 ug/L

Preparation of Standard Sol ution

1. Stock Sel enium solution: Dissolve 0.3453 g of selenous acid (actual assay 94.6%
H,SeQ,) in deionized distilled water and make up to 200 nL. 1 nL = 1 ng
Se (1000 mg/L).

2. Nickel Ntrate solution, 5% Dissolve 24.780 g of ACS reagent grade
Ni (NG,),. 6H,O in deionized distilled water and make up to 100 ni.

3. Nickel Nitrate solution, 1% Dilute 20 mL of the 5% nickel nitrate to 100 nL
with deionized distilled water.

4. Working Sel enium solution: Prepare dilutions of the stock solution to be used
as calibration standards at the time of analysis. The calibration standards
must be prepared using the same type of acid and at the same concentration as
will result in the sanple to be anal yzed after sanple preparation. Wthdraw
appropriate aliquots of the stock solution, and add 1 nL of conc. HNG,, 2 nL of
30% H,0, and 2 nL of the 5% nickel nitrate solution. Dilute to 100 nmL with
dei oni zed distilled water.

Sanpl e Preparation

1. Add 100 uL of the 5% nickel nitrate solution to 5 nL of the digested sanple.
The sanple is now ready for injection into the furnace.

Note: Another matrix nodifier may be substituted for nickel nitrate if
recommended by the instrument manufacturer. The matrix nodifier used shall be
reported in the SDG Case Narrative.

| nstrunent Par aneters

Drying Time and Tenp: 30 sec @ 125°C.

Charring Time and Tenp: 30 sec @ 1200°C.

Atom zing Tinme and Tenp: 10 sec @ 2700°C.

Purge Gas At nosphere: Argon

Wavel ength:  196.0 nm

Qperating paraneters should be set as specified by the particular instrunent
manuf act urer.

Not es

The above concentration values and instrunent conditions are for a Perkin-El nmer
HGA- 2100, based on the use of a 20 uL injection, purge gas interrupt and non-
pyrol ytic graphite, and are to be used as guidelines only. Smaller size
furnace devices or those enploying faster rates of atom zation can be operated
using | ower atom zation tenperatures for shorter time periods than the above
recomended settings.

2. The use of background correction is required. Background correction made by the
deuterium arc nethod does not adequately conpensate for high levels of certain
interferents (i.e., Al, Fe). |If conditions occur where significant interference

ooRwOE
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Exhi bit D Met hod 270. 2

is suspected, the lab must switch to an alternate wavel ength or take ot her
appropriate actions to conpensate for the interference effects.

Sel eni um anal ysis suffers interference fromchlorides (>800 ng/L) and sulfate
(>200 nmg/L). For the analysis of industrial effluents and sanples with
concentrations of sulfate from 200 to 2000 ng/L, both sanples and standards
shoul d be prepared to contain 1% ni ckel

For every sanple anal yzed, verification is necessary to determ ne that method of
standard addition is not required (see Exhibit E)

If nmethod of standard addition is required, follow the procedure given in
Exhi bit E.

The use of the El ectrodel ess Di scharge Lanp (EDL) for the |light source is
reconmended.
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Exhi bit D Method 272.2

S| LVER
Met hod 272.2 CLP-M (Atomic Absorption, Furnace Techni que)

Opt i mum Concentrati on Range: 1-25 ug/L
Approxi mate Detection Limt: 0.2 ug/L

Preparation of Standard Sol ution

1. Stock solution: Dissolve 1.575 g of AgNG, (analytical re .
dei oni zed distilled water. Add 10 nL of concentrated HNQQSHH %Qgehp' fo 1
liter. 1 nm =1 ng Ag (1000 ng/L).

2. Prepare dilutions of the stock solution to be used as calibration standards at
the tine of analysis. These solutions are also to be used for "standard

additions."
3. The calibration standards nust be prepared using the sane type of acid and at
the sane concentration as will result in the sanple to be anal yzed after sample

prepar ati on.

| nstrunent Paraneters (General)

1. Drying Time and Tenp: 30 sec @ 125°C

2. Ashing Tinme and Tenp: 30 sec @400°C

3. Atomizing Time and Tenp: 10 sec @ 2700°C.

4. Purge Gas Atnosphere: Argon

5. Vavelength: 328.1 nm

6. Operating parameters should be set as specified by the particular instrument
manuf act urer.

Not es

1. The above concentration values and instrunment conditions are for a Perkin-El ner
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrol ytic graphite and are to be used as guidelines only. Smaller size
furnace devices or those enploying faster rates of atom zation can be operated
using | ower atom zation tenperatures for shorter time periods than the above
recomended settings.

2. The use of background correction is required.

3. The use of halide acids should be avoi ded.

4. |1f absorption to container walls or formation of AgCl is suspected, see Exhibit

D, Part C, Atomic Absorption Methods, Flane Techni que.

5. For every sanple analyzed, verification is necessary to determ ne that method of
standard addition is not required (see Exhibit E).

6. If method of standard addition is required, follow the procedure given in
Exhi bit E.

"CLP-M nodified for the Contract Laboratory Program
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Exhi bit D Method 279. 2

THALLI UM
Met hod 279.2 CLP-M (Atomic Absorption, Furnace Techni que)

Opt i mum Concentrati on Range: 5-100 ug/L
Approxi mate Detection Limt: 1 ug/L

Preparation of Standard Sol ution

1. Stock solution: Dissolve 1.303 g of thalliumnitrate, TING, (anal ytical
grade) in deionized distilled water. Add 10 nL of concentrated nitric adi Y
dilute to 1 liter with deionized distilled water. 1 nL =1 ng T1 (1000 ng/L).

2. Prepare dilutions of the stock solution to be used as calibration standards at
the tine of analysis. These solutions are also to be used for "standard
additions."

3. The calibration standards nust be prepared using the sane type of acid and at
the sane concentration as will result in the sanple to be anal yzed after sample
pr epar ati on.

| nstrunent Paraneters (General)

Drying Time and Tenp: 30 sec @ 125°C

Ashing Time and Tenp: 30 sec @400°C

Atom zing Tinme and Tenp: 10 sec @ 2400°C.

Purge Gas At nosphere: Argon

Wavel ength: 276.8 nm

Qperating paraneters should be set as specified by the particular instrunent
manuf act urer.

ooRwOE

Not es

The above concentration values and instrunent conditions are for a Perkin-El ner
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrol ytic graphite and are to be used as guidelines only. Smaller size
furnace devices or those enploying faster rates of atom zation can be operated
using | ower atom zation tenperatures for shorter time periods than the above
recomended settings.

The use of background correction is required.

[

w N

Ni trogen may al so be used as the purge gas.

For every sanple anal yzed, verification is necessary to determ ne that method of
standard addition is not required (see Exhibit E).

If nmethod of standard addition is required, follow the procedure given in
Exhi bit E.

-

o
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PART C - ATOM C ABSORPTI ON METHODS, FLAME TECHNI QUE'

Anal vyt e/ Met hod Page No.
Cal ci um - Method 215.1 CLP-M D-42
Magnesi um - Method 242.1 CLP-M D43
Pot assi um - Met hod 258.1 CLP-M D 44
Sodi um - Met hod 273.1 CLP-M D- 45

*From "InterimMethods for the Sanpling and Analysis of Priority Pollutants
in Sedinents and Fish Tissue,"” USEPA EMSL, Cincinnati, Onhio, August 1977,
Revi sed October 1980, as nodified for use in the Contract Laboratory
Program

"CLP-M nodified for the Contract Laboratory Program
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Exhi bit D Method 215.1

CALCI UM

Met hod 215.1 CLP-M (Atonic Absorption, Flame Techni que)

Opt i num Concentrati on Range: 0.2-7 ng/L using a wavel ength of 422.7 nm
Sensitivity: 0.08 ng/L
Detection Limt: 0.01 ng/L

Preparation of Standard Sol ution

1

Stock Solution: Suspend 1.250 g of CaCO, (anal ytical reagent grade), dried at
180°C for 1 hour before weighing, in deionized distilled water and di ssol ve
cautiously with a mninumof dilute HCL. Dilute to 1000 nmL with dei oni zed
distilled water. 1 nL = 0.5 ng Ca (500 ng/L).

Lant hanum chl ori de solution: Dissolve 29 g of La,0, slowy and in smal
portions, in 250 nmL conc. HO (Caution: Reaction is violent) and dilute to
500 nL with deionized distilled water

Prepare dilutions of the stock cal ciumsolutions to be used as calibration
standards at the tine of analysis. To each 10 nL of calibration standard and
sanmple alike add 1.0 nL of the |anthanum chloride solution, i.e., 20 nL of
standard or sanple + 2 nL LaC; = 22 nL

I nstrunental Paraneters (General)

GRhwNE
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Cal ci um hol | ow cat hode | anp
Wavel ength:  422.7 nm

Fuel :  Acetyl ene

Oxidant: Air

Type of flane: Reducing

Phosphate, sulfate and alumi numinterfere but are masked by the addition of

| ant hanum  Because | ow cal cium values result if the pH of the sanple is above
7, both standards and sanples are prepared in dilute hydrochloric acid
solution. Concentrations of magnesium greater than 1000 ng/L al so cause | ow
cal ciumval ues. Concentrations of up to 500 ng/L each of sodium potassium
and nitrate cause no interference.

Ani oni c chemi cal interferences can be expected if |anthanumis not used in
sanpl es and st andards.

The nitrous oxide-acetylene flame will provide two to five times greater
sensitivity and freedomfrom chem cal inteferences. |lonization interferences
shoul d be controlled by adding a | arge anount of alkali to the sanple and
standards. The analysis appears to be free fromchem cal suppressions in the
ni trous oxide-acetylene flane. (Atom c Absorption Newsletter 14, 29 [1975])

The 239.9 nmline may al so be used. This line has a relative sensitivity of
120.
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MAGNESI UM
Met hod 242.1 CLP-M (Atonic Absorption, Flame Techni que)
Opt i mum Concentrati on Range: 0.02-0.5 ng/L using a wavel ength of 285.2 nm
Sensitivity: 0.007 ng/L
Detection Limt: 0.001 ng/L

Preparation of Standard Sol ution

1. Stock Solution: Dissolve 0.829 g of magnesi um oxi de, MJO (anal yti cal reagent
grade), in 10 nL of redistilled HNO, and dilute to 1 liter with dei oni zed
distilled water. 1 nL = 0.50 ng My (500 ng/L).

2. Lant hanum chl ori de solution: Dissolve 29 g of La,0, slowy and in smal
portions in 250 nmL concentrated HO (Caution: Reaction is violent), and dilute
to 500 nmL with deionized distilled water

3. Prepare dilutions of the stock magnesi um solution to be used as calibration
standards at the tine of analysis. To each 10 nL vol unme of calibration
standard and sanple alike add 1.0 nL of the |anthanum chloride solution, i.e.

20 nL of standard or sample + 2 nL Lad,; = 22 nL

I nstrunental Paraneters (General)

1. Magnesi um hol | ow cat hode | anp

2. Wavel ength:  285.2 nm

3. Fuel :  Acetyl ene

4. Oxidant: Air

5. Type of flane: xidizing

Not es

1. The interference caused by al um num at concentrations greater than 2 ng/L is
masked by addition of |anthanum Sodi um potassium and cal ci um cause no
i nterference at concentrations |ess than 400 ng/L.

2. The 202.5nmline may also be used. This line has a relative sensitivity of 25.

3. To cover the range of nmagnesi um val ues normally observed in surface waters
(0.1-20 nmg/L), it is suggested that either the 202.5 nmline be used or the
burner head be rotated. A 90° rotation of the burner head wi |l produce

approxi mately one-eighth the normal sensitivity.

"CLP-M nodi fied for the Contract Laboratory Program
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POTASSI UM
Met hod 258.1 CLP-M (Atonic Absorption, Flame Techni que)
Opt i mum Concentrati on Range: 0.1-2 ng/L using a wavel ength of 766.5 nm
Sensitivity: 0.04 ng/L
Detection Limt: 0.01 ng/L

Preparation of Standard Sol ution

1. Stock Solution: Dissolve 0.1907 g of KO (analytical reagent grade), dried at
110°C, in deionized distilled water and make up to 1 liter. 1 nL = 0.10 ng K

(100 ng/L).

2. Prepare dilutions of the stock solution to be used as calibration standards at
the tine of analysis. The calibration standards shoul d be prepared using the
same type of acid and at the sanme concentration as will result in the sanple to

be anal yzed either directly or after processing.

I nstrunental Paraneters (General)

1. Pot assi um hol | ow cat hode | anp

2. Wavel ength: 766.5 nm

3. Fuel :  Acetyl ene

4. Oxidant: Air

5. Type of flane: Slightly oxidizing

Not es

1. In air-acetylene or other high tenperature flanmes (>2800°C), potassium can
experience partial ionization which indirectly affects absorption sensitivity.
The presence of other alkali salts in the sanple can reduce this ionization and
t hereby enhance anal ytical results. The ionization suppressive effect of
sodiumis small if the ratio of Na to Kis under 10. Any enhancenent due to
sodi um can be stabilized by addi ng excess sodium (1000 ug/nL) to both sample
and standard solutions. If nore stringent control of ionization is required,
the addition of cesium should be considered. Reagent bl anks nust be anal yzed
to correct for potassiuminpurities in the buffer zone.

2. The 404.4 nmline may al so be used. This line has a relative sensitivity of
500.

3. To cover the range of potassiumvalues normally observed in surface waters

(0.1-20 ng/L), it is suggested that the burner head be rotated. A 90° rotation
of the burner head provides approxi mately one-eighth the normal sensitivity.
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SCODI UM
Met hod 273.1 CLP-M (Atonic Absorption, Flame Techni que)
Opt i mum Concentrati on Range: 0.03-1 ng/L using a wavel ength of 589.6 nm
Sensitivity: 0.015 ng/L
Detection Limt: 0.002 ng/L

Preparation of Standard Sol utions

1. Stock Solution: Dissolve 2.542 g of NaCl (analytical reagent grade), dried at
140°C, in deionized distilled water and make up to 1 liter. 1 nL = 1 ng Na

(1000 ng/L).

2. Prepare dilutions of the stock solution to be used as calibration standards at
the tine of analysis. The calibration standards shoul d be prepared using the
same type of acid and at the sanme concentration as will result in the sanple to

be anal yzed either directly or after processing.

I nstrunental Paraneters (General)

Sodi um hol | ow cat hode | anp
Wavel ength: 589.6 nm
Fuel :  Acetyl ene

Oxidant: Air

Type of flane: xidizing

GRhwNE

g
D
9]
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The 330.2 nmresonance |line of sodium which has a relative sensitivity of 185,
provi des a convenient way to avoid the need to dilute nore concentrated
sol utions of sodium

N

Lowtenperature flames increase sensitivity by reducing the extent of
ioni zation of this easily ionized netal. 1lonization may al so be controlled by
addi ng potassi um (1000 ng/L) to both standards and sanpl es.
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PART D - COLD VAPOR METHODS FOR MERCURY ANALYSI S

Met hod Page No.
Mercury Analysis in Water by Manual Col d Vapor Techni que D 47

Met hod 245.1 CLP-M

Mercury Analysis in Water by Automated Col d Vapor Techni que D 52
Met hod 245.2 CLP-M

Mercury Analysis in Soil/Sedi ment by Manual Col d Vapor Techni que D 56
Met hod 245.5 CLP-M
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Exhi bit D Method 245.1

MERCURY ANALYSI S | N WATER BY MANUAL CO.D VAPOR TECHNI QUE

MERCURY
Met hod 245.1 CLP-M (Manual Col d Vapor Techni que)
1. Scope and Application
1.1 In addition to inorganic fornms of nercury, organic mercurials may al so
be present. These organo-nercury conpounds will not respond to the cold

vapor atom c absorption technique unless they are first broken down and
converted to mercuric ions. Potassium permanganate oxi di zes many of

t hese conpounds, but recent studies have shown that a nunber of organic
mercurials, including phenyl mercuric acetate and nmet hyl nercuric
chloride, are only partially oxidized by this reagent. Potassium
persul fate has been found to give approxi mately 100% r ecovery when used
as the oxidant with these conpounds. Therefore, a persulfate oxidation
step follow ng the addition of the pernmanganate has been included to
ensure that organo-nmercury conpounds, if present, will be oxidized to
the mercuric ion before neasurenent. A heat step is required for nethyl
mercuric chloride when present in, or spiked to, a natural system

1.2 The range of the nethod may be varied through instrument and/or recorder
expansion. Using a 100 nL sanple, a detection limt of 0.2 ug Hg/L can
be achi eved (see 10.1).

2. Sunmary of Met hod

2.1 The fl amel ess AA procedure is a physical method based on the absorption
of radiation at 253.7 nm by nercury vapor. O ganic nercury conpounds
are oxidized and the nmercury is reduced to the elenmental state and
aerated fromsolution in a closed system The mercury vapor passes
through a cell positioned in the Iight path of an atom c absorption
spect rophot onmeter. Absorbance (peak height) is neasured as a function
of mercury concentration and recorded in the usual nanner

3. Sanpl e Handling and Preservation

3.1 Until nore conclusive data are obtai ned, sanples are preserved by
acidification with nitric acid to a pHof 2 or lower inmediately at the
time of collection (Exhibit D, Section I1).

4. Interference

4.1 Possible interference fromsulfide is elimnated by the addition of
pot assi um per manganate. Concentrations as high as 20 ng/L of sulfide as
sodi um sul fide do not interfere with the recovery of added inorganic
mercury fromdistilled water (Exhibit D, Section I1).

4.2 Copper has also been reported to interfere; however, copper
concentrations as high as 10 ng/L had no effect on recovery of nmercury
from spi ked sanpl es.
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Exhi bit D Method 245.1

Sea waters, brines and industrial effluents high in chlorides require
addi ti onal permanganate (as nmuch as 25 nmL). During the oxidation step,
chlorides are converted to free chlorine which will also absorb
radiation at 253 nm Care nust be taken to assure that free chlorine is
absent before the mercury is reduced and swept into the cell. This may
be acconplished by using an excess of hydroxyl am ne sul fate reagent (25
m.). Both inorganic and organic nmercury spi kes have been quantitatively
recovered fromthe sea water using this techni que

Appar at us

At omi ¢ Absorption Spectrophotonmeter: (See Note 1) Any atomic absorption
unit having an open sanple presentation area in which to nount the
absorption cell is suitable. Instrument settings recommended by the
particul ar manufacturer should be foll owed.

NOTE 1: Instrunents designed specifically for the neasurenent of
mercury using the cold vapor technique are commercially avail abl e and
may be substituted for the atom c absorption spectrophotoneter.

Mercury Hol | ow Cat hode Lanp: Westinghouse W.-22847, argon filled, or
equi val ent .

Recorder: Any nulti-range variable speed recorder that is conpatible
with the UV detection systemis suitable.

Absorption Cell: Standard spectrophotoneter cells 10 cm | ong, having
quartz end wi ndows may be used. Suitable cells may be constructed from
pl exi gl ass tubing, 1" O D. X 4-1/2". The ends are ground perpendi cul ar
to the longitudinal axis and quartz w ndows (1" diameter X 1/16"

t hi ckness) are cenented in place.

The cell is strapped to a burner for support and aligned in the Iight
beam by use of two 2" by 2" cards. One inch dianmeter holes are cut in
the m ddl e of each card; the cards are then placed over each end of the
cell. The cell is then positioned and adjusted vertically and

hori zontally to find the maxi mumtransmttance.

Air Punp: Any peristaltic punp capable of delivering 1 liter of air per
m nute may be used. A Masterflex punp with el ectronic speed control has
been found to be satisfactory.

Fl owmreter: Capable of neasuring an air flow of 1 liter per mnute.
Aeration Tubing: A straight glass frit having a coarse porosity. Tygon
tubing is used for passage of the mercury vapor fromthe sanple bottle
to the absorption cell and return

Drying Tube: 6" X 3/4" dianmeter tube containing 20 g of nagnesi um
perchlorate (see Note 2).

NOTE 2: In place of the magnesium perchlorate drying tube, a smnal
reading lanp with 60Wbulb may be used to prevent condensation of
nmoi sture inside the cell. The lanp is positioned to shine on the

absorption cell maintaining the air tenperature in the cell about 10°C
above anbient.
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Reagent s
Sul furic Acid, Conc: Reagent grade.

6.1.1 Sul furic acid, 0.5 NN Dilute 14.0 nL of conc. sulfuric acid
to 1.0 liter.

Nitric Acid, Conc: Reagent grade of |ow nercury content (see Note 3).

NOTE 3: If a high reagent blank is obtained, it nay be necessary to
distill the nitric acid.

Stannous Sul fate: Add 25 g stannous sulfate to 250 nmL of 0.5 N sulfuric
acid. This mxture is a suspension and should be stirred continuously
during use. (Stannous chloride may be used in place of stannous

sul fate.)

Sodi um Chl ori de- Hyr oxyl am ne Sulfate Solution: Dissolve 12 g of sodi um
chloride and 12 g of hydroxylam ne sulfate in distilled water and dilute
to 100 mL.. (Hydroxyl am ne hydrochl oride may be used in place of

hydr oxyl am ne sul fate.)

Pot assi um Per manganate (KWMhQ,): 5% solution, wv. D ssolve 5 g of
pot assi um per manganate in 100 nL of distilled water

Pot assi um Persul fate: 5% solution, wv. D ssolve 5 g of potassium
persulfate in 100 nL of distilled water

Stock Mercury Solution: Dissolve 0.1354 g of nercuric chloride in 75 nL
of distilled water. Add 10 nmL of conc. nitric acid and adjust the
volume to 100.0 nL. 1 nmL =1 ng Hg.

Wor ki ng Mercury Sol ution: Make successive dilutions of the stock
mercury solution to obtain a working standard containing 0.1 ug per ni.
Thi s working standard and the dilutions of the stock nercury sol ution
shoul d be prepared fresh daily. Acidity of the working standard shoul d
be mintained at 0.15%nnitric acid. This acid should be added to the
flask as needed before the addition of the aliquot.

Calibration

Transfer 0, 0.2, 0.5, 1.0, 5.0 and 10.0 nlL aliquots of the working
mercury solution containing O to 1.0 ug of nmercury to a series of 300 niL
BOD bottles. Add enough distilled water to each bottle to nake a tota
vol ume of 100 mL. Mx thoroughly and add 5 nmL of conc. sulfuric acid
(6.1) and 2.5 nL of conc. nitric acid (6.2) to each bottle. Add 15 nL
of KWhQ, (6.5) solution to each bottle and allow to stand at |east 15

m nutes. Add 8 nL of potassiumpersulfate (6.6) to each bottle and heat
for 2 hours in a water bath maintained at 95°C. Alternatively, cover
the BOD bottles with foil and heat in an autoclave for 15 m nutes at
120°C and 15 PSI. Cool and add 6 nL of sodi um chl oride-hydroxyl am ne
sulfate solution (6.4) to reduce the excess permanganate. Wen the

sol uti on has been decolorized wait 30 seconds, add 5 nL of the stannous
sulfate solution (6.3) and i medi ately attach the bottle to the aeration
apparatus formng a closed system At this point the sanple is allowed
to stand quietly w thout manual agitation
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9.

.1

2

The circul ati ng punp, which has previously been adjusted to a rate of 1
liter per minute, is allowed to run continuously (see Note 4). The
absorbance will increase and reach maxi mumw thin 30 seconds. As soon
as the recorder pen levels off, approximately 1 m nute, open the bypass
val ve and continue the aeration until the absorbance returns to its

m ni mum val ue (see Note 5). C ose the bypass valve, renove the stopper
and frit fromthe BOD bottle and continue the aeration. Proceed with

t he standards and construct a standard curve by plotting peak hei ght
versus mcrograns of nercury.

NOTE 4: An open system where the nercury vapor is passed through the
absorption cell only once may be used instead of the closed system

NOTE 5: Because of the toxic nature of mercury vapor precaution nust be
taken to avoid its inhalation. Therefore, a bypass has been included in
the systemto either vent the nercury vapor into an exhaust hood or pass
t he vapor through some absorbi ng nedia, such as equal volunes of 0.1 M
KMhQ,, and 10% H,SO, or 0.25% iodine in a 3% a KI solution. A specially
treated charcoal that will adsorb nmercury vapor is conmercially
avai |l abl e.

Pr ocedur e

Transfer 100 mL, or an aliquot diluted to 100 m, containing not nore
than 1.0 ug of mercury, to a 300 nL BOD bottle. Add 5 nL of conc.
sulfuric acid (6.1) and 2.5 nL of conc. nitric acid (6.2) mxing after
each addition. Add 15 nL of potassi um permanganate solution (6.5) to
each sanple bottle (see Note 6). For sewage sanples additiona

per manganate may be required. Shake and add additional portions of

pot assi um per manganate sol ution, if necessary, until the purple color
persists for at least 15 minutes. Add 8 nlL of potassium persulfate
(6.6) to each bottle and heat for 2 hours in a water bath at 95°C

NOTE 6: The sane anount of KWMhQ, added to the sanples should be present
i n standards and bl anks.

Cool and add 6 nmL of sodi um chl ori de-hydroxyl anmi ne sulfate (6.4) to
reduce the excess permanganate (see Note 7). Purge the headspace in the
BOD bottle for at least 1 mnute and add 5 nL of stannous sulfate (6.3)
and i medi ately attach the bottle to the aeration apparatus. Continue
as described under Cali bration.

NOTE 7: Add reductant in 6 nL increnents until KWhQ, is conpletely
reduced.

Cal cul ati ons

Determ ne the peak height of the unknown fromthe chart and read the
mercury value fromthe standard curve

Cal cul ate the nercury concentration in the sanple by the formul a

ug Hg, curve % 1000 mL

ug Hg/ L =
gng aliquot volume, mL 1L
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10. Appendi x

10.1 If additional sensitivity is required, a 200 nL sanple with recorder
expansi on may be used provided the instrunment does not produce undue
noi se. Using a Coleman MAS-50 with a drying tube of magnesi um
perchlorate and a variable recorder, 2 nv was set to read full scale.
Wth these conditions, and distilled water solutions of nmercuric
chloride at concentrations of 0.15, 0.10, 0.05 and 0.025 ug/L, the
standard devi ati ons were +0.027, +0.0006, +0.01 and +0.004. Percent
recoveries at these levels were 107, 83, 84 and 96% respectively.

10.2 Directions for the di sposal of mercury-containing wastes are given in
ASTM St andards, Part 31, "Water," p. 349, Method D3223 (1976).
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MERCURY ANALYSI S | N WATER BY AUTOVATED CO.D VAPOR TECHNI QUE

MERCURY
Met hod 245.2 CLP-M (Automated Col d Vapor Techni que)

1. Scope and Application

1.1 The working range is 0.2 to 20.0 ug Hg/L.

2. Sunmary of Met hod

2.1 The fl amel ess AA procedure is a physical method based on the absorption
of radiation at 253.7 nm by nercury vapor. The nercury is reduced to
the elemental state and aerated from solution. The mercury vapor passes
through a cell positioned in the Iight path of an atom c absorption
spect rophot ometer. Absorbance (peak height) is neasured as a function
of mercury concentration and recorded in the usual nanner

2.2 In addition to inorganic fornms of nercury, organic mercurials may al so
be present. These organo-nercury conpounds will not respond to the
fl anel ess atom c absorption techni que unless they are first broken down
and converted to nercuric ions. Potassium pernanganate oxi di zes many of
t hese conpounds, but recent studies have shown that a nunber of organic
nmercurials, including phenyl mercuric acetate and met hyl nercuric
chloride, are only partially oxidized by this reagent. Potassium
persul fate has been found to give approxi mately 100% r ecovery when used
as the oxidant with these conpounds. Therefore, an automated persulfate
oxi dation step follow ng the automated additi on of the permanganate has
been included to ensure that organo-nercury conpounds, if present, wll
be oxidized to the nercuric ion before neasurenent.

3. Sanpl e Handling and Preservation

3.1 Until nore conclusive data are obtai ned, sanples are preserved by
acidification with nitric acid to a pHof 2 or lower inmediately at the
time of collection (Exhibit D, Section I1).

4, Interferences (see NOTE 1)

4.1 Sonme sea waters and waste-waters high in chlorides have shown a positive
i nterference, probably due to the formation of free chlorine.

4.2 Formati on of a heavy precipitate, in sone wastewaters and effluents, has
been reported upon addition of concentrated sulfuric acid. If this is
encount ered, the probl em sanple cannot be anal yzed by this nethod.

4.3 Sanpl es contai ni ng solids nmust be bl ended and then m xed whil e being
sanpled if total mercury values are to be reported.

NOTE 1: Al of the above interferences can be overconme by use of the
Manual Mercury net hod.

"CLP-M nodi fied for the Contract Laboratory Program
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Appar at us

Techni con Auto Anal yzer or equival ent instrumentation consisting of:
5.1.1 Sanmpler Il with provision for sanple m xing.

5.1.2 Mani f ol d.

5.1.3 Proportioning Pump Il or I11.

5.1. 4 H gh tenperature heating bath with two distillation coils

(Techni con Part #116-0163) in series.
Vapor-1iquid separator.
Absorption cell, 100 nmlong, 10 mmdianeter with quartz w ndows.
At onmi ¢ Absorption Spectrophotonmeter (see Note 2): Any atom c absorption
unit having an open sanple presentation area in which to nount the
absorption cell is suitable. Instrument settings recommended by the
particul ar manufacturer should be foll owed.
NOTE 2: Instrunents designed specifically for the neasurenent of
mercury using the cold vapor technique are comercially avail abl e and
may be substituted for the atom c absorption spectrophotoneter.

Mercury Hol | ow Cat hode Lanp: Westinghouse W.-22847, argon filled, or
equi val ent .

Recorder: Any nulti-range variable speed recorder that is conpatible
with the UV detection systemis suitable.

Reagent s
Sul furic Acid, Conc: Reagent grade

6.1.1 Sul furic acid, 2 NN Dilute 56 nL of conc. sulfuric acid to 1
liter with distilled water.

6.1.2 Sul furic acid, 10% Dilute 100 nL conc. sulfuric acid to 1
liter with distilled water.

Nitric acid, Conc: Reagent grade of |ow nercury content.

6.2.1 Nitric Acid, 0.5% Wash Solution: D lute 5 mL of conc. nitric
acid to 1 liter with distilled water

Stannous Sulfate (See Note 3): Add 50 g stannous sulfate to 500 nL of 2
N sul furic acid (6.1.1). This mxture is a suspension and shoul d be
stirred continuously during use.

NOTE 3: Stannous chloride nmay be used in place of stannous sul fate.
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Sodi um Chl ori de- Hydr oxyl ami ne Sul fate (See Note 4) Sol ution: Dissolve
30 g of sodiumchloride and 30 g of hydroxylamne sulfate in distilled
water to 1 liter.

NOTE 4: Hydroxyl am ne hydrochl ori de may be used in place of
hydr oxyl am ne sul fate

Pot assi um Per manganate (KVhQ,): 0.5%solution, wv. D ssolve 5 g of
pot assi um permanganate in 1 liter of distilled water.

Pot assi um Per manganate, 0.1 N Dissolve 3.16 g of potassium
permanganate in distilled water and dilute to 1 liter.

Pot assi um Persul fate: 0.5% solution, wv. Dissolve 5 g of potassium
persulfate in 1 liter of distilled water

Stock Mercury Solution: Dissolve 0.1354 g of nercuric chloride in 75 nL
of distilled water. Add 10 nL of conc. nitric acid and adjust the
volume to 100.0 nmL. 1.0 nL = 1.0 ng Hg.

Wor ki ng Mercury Sol ution: Make successive dilutions of the stock
mercury solution (6.8) to obtain a working standard containing 0.1 ug
per mL. This working standard and the dilutions of the stock nercury
solution should be prepared fresh daily. Acidity of the working
standard shoul d be maintained at 0.15%nitric acid. This acid should be
added to the flask as needed before the addition of the aliquot. From
this solution, prepare standards containing 0.2, 0.5, 1.0, 2.0, 5.0,
10.0, 15.0 and 20.0 ug Hg/L.

Air Scrubber Solution: Mx equal volumes of 0.1 N potassium
per manganate (6.6) and 10% sulfuric acid (6.1.2).

Procedure (See Note 5)
Set up manifold.

Feeding all the reagents through the systemw th acid wash sol ution
(6.2.1) through the sanple line, adjust heating bath to 105°C.

Turn on atom c absorption spectrophotoneter, adjust instrunent settings
as recommended by the manufacturer, align absorption cell in light path
for maxi mumtransmttance and place heat |lanp directly over absorption
cell.

Arrange working nercury standards fromO0.2 to 20.0 ug Hg/L in sanmpler
and start sanpling. Conplete |oading of sanple tray with unknown
sanpl es.

After the analysis is conplete, put all Iines except the H,SO, line in
distilled water to wash out system After flushing, wash out the H,SO,
line. Also flush the coils in the high tenperature heating bath by
punpi ng stannous sulfate (6.3) through the sanple lines foll owed by
distilled water. This will prevent build-up of oxides of manganese.

NOTE 5: Because of the toxic nature of mercury vapor, precaution nust

be taken to avoid its inhalation. Venting the nercury vapor into an
exhaust hood or passing the vapor through sone absorbing nedia such as
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equal volumes of 0.1 N KMhQ/(6.6) and 10% H,SO, (6.1.2), or 0.25%i odi ne
ina 3%KI solution, is reconmended. A specially treated charcoal that
wi Il absorb mercury vapor is also avail able.

Cal cul ati ons

Prepare a standard curve by plotting the peak hei ght of processed

st andards agai nst true concentration values. Use a linear regression
equation to determ ne the concentration of field and QC sanpl es by
conparing the peak height of the sanples with the peak hei ght of the
cal i brati on standards.

If sanples were diluted for analysis, multiply the results fromthe
linear regression by the diluition factor
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MERCURY ANALYSIS IN SO L/ SEDI MENT BY MANUAL CO.D VAPOR TECHN QUE

MERCURY (i n Sedi nents)
Met hod 245.5 CLP-M (Manual Col d Vapor Techni que)

1. Scope and Application

1.1 This procedure nmeasures total nercury (organic and inorganic) in soils,
sedi ments, bottom deposits and sludge type material s.

1.2 The range of the nethod is 0.1 to 5 ug/g. The range may be extended
above or below the normal range by increasing or decreasing sanple size
or through instrunent and recorder contro

2. Sunmary of Met hod

2.1 A wei ghed portion of the sanple is acid digested for 2 mnutes at 95°C,
foll owed by oxidation wi th potassi um pernanganate and potassi um
persulfate. Mercury in the digested sanple is then neasured by the
conventional cold vapor technique.

2.2 An alternate digestion involving the use of an autoclave is described in
8. 2.

3. Sanpl e Handling and Preservati on

3.1 Because of the extrene sensitivity of the analytical procedure and the
omi presence of mercury, care nust be taken to avoid extraneous
contam nati on. Sanpling devices and sanpl e containers shoul d be
ascertained to be free of mercury; the sanple should not be exposed to
any condition in the |laboratory that may result in contact or air-borne
mercury contamni nation

3.2 Refrigerate solid sanples at 4°C (+2°) upon receipt until analysis (see
Exhi bit D, Section I1).

3.3 The sanpl e shoul d be anal yzed wi thout drying. A separate percent solids
determnation is required (Part F).

4. Interferences

4.1 The sane types of interferences that may occur in water sanples are also
possi ble with sedinents, i.e., sulfides, high copper, high chlorides,
etc.

4.2 Sanpl es cont ai ni ng hi gh concentrati ons of oxidizable organic material s,
as evi denced by high chem cal oxygen demand val ues, may not be
conpl etely oxidized by this procedure. When this occurs, the recovery
of organic mercury will be low. The problem can be elimnated by
reduci ng the weight of the original sanple or by increasing the anmpount
of potassium persulfate (and consequently stannous chloride) used in the
di gestion.

"CLP-M nodi fied for the Contract Laboratory Program
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Exhi bit D Met hod 245.5

Appar at us

At onmi ¢ Absorption Spectrophotoneter (see Note 1): Any atonmic absorption
unit having an open sanple presentation area in which to nount the
absorption cell is suitable. Instrument settings recommended by the
particul ar manufacturer should be foll owed.

NOTE 1: Instrunents designed specifically for the neasurenent of
mercury using the cold vapor technique are commercially avail abl e and
may be substituted for the atom c absorption spectrophotoneter.

Mercury Hol | ow Cat hode Lanp: Westinghouse W.-22847, argon filled, or
equi val ent .

Recorder: Any nulti-range variable speed recorder that is conpatible
with the UV detection systemis suitable.

Absorption Cell: Standard spectrophotoneter cells 10 cm | ong, having
quartz end wi ndows, may be used. Suitable cells may be constructed from
pexi gl ass tubing, 1" QD X 4-1/2". The ends are ground perpendi cul ar
to the longitudinal axis and quartz w ndows (1" diameter X 1/16"

t hi ckness) are cenented in place. Gas inlet and outlet ports (al so of

pl exi gl ass but 1/4" O D.) are attached approximtely 1/2" from each end
The cell is strapped to a burner for support and aligned in the Iight
beamto give the maxi numtransmttance. Two 2" X 2" cards with one inch
di anmeter hol es may be pl aced over each end of the cell to assist in
positioning the cell for maxi mumtransmttance.

Air Punp: Any peristaltic punp capable of delivering 1 liter of air per
m nute may be used. A Masterflex punp with el ectronic speed control has
been found to be satisfactory. (Regulated conpressed air can be used in
an open one-pass system)

Fl omreter: Capable of neasuring an air flowof 1 liter per mnute.

Aeration Tubing: Tygon tubing is used for passage of the mercury vapor
fromthe sanple bottle to the absorption cell and return. Straight
glass tubing termnating in a coarse porous frit is used for sparging
air into the sanple.

Drying Tube: 6" X 3/4" dianmeter tube containing 20 g of nagnesi um
perchlorate (see Note 2).

NOTE 2: In place of the magnesium perchlorate drying tube, a smal
reading lanp with 60Wbulb may be used to prevent condensation of
nmoi sture inside the cell. The lanp is positioned to shine on the

absorption cell maintaining the air tenperature in the cell about 10°C
above anbient.

Reagent s

Sul furic Acid, Conc: Reagent grade of |ow nercury content.

Nitric Acid, Conc: Reagent grade of |ow nercury content.
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Exhi bit D Met hod 245.5

Stannous Sul fate: Add 25 g stannous sulfate to 250 nmL of 0.5 N sulfuric
acid (6.1). This mxture is a suspension and should be stirred
conti nuously during use.

Sodi um Chl ori de- Hydr oxyl ami ne Sul fate (See Note 3) Sol ution: Dissolve
12 g of sodiumchloride and 12 g of hydroxylam ne sulfate in distilled
water and dilute to 100 ni.

NOTE 3: A 10% sol uti on of stannous chloride may be substituted for
(6.3) and hydroxyl am ne hydrochl ori de may be used in place of
hydr oxyl am ne sulfate in (6.4).

Pot assi um Per manganate (KWMhQ,): 5% solution, wv. Dissolve 5 g of
pot assi um per manganate in 100 nL of distilled water

Pot assi um Persul fate: 5% solution, wv. D ssolve 5 g of potassium
persulfate in 100 nL of distilled water

Stock Mercury Solution: Dissolve 0.1354 g of nercuric chloride in 75 nL
of distilled water. Add 10 nmL of conc. nitric acid and adjust the
volume to 100.0 m.. 1.0 = 1.0 ng Hg.

Wor ki ng Mercury Sol ution: Make successive dilutions of the stock
mercury solution (6.7) to obtain a working standard containing 0.1
ug/mL. This working standard and the dilution of the stock nmercury
solutions should be prepared fresh daily. Acidity of the working
standard shoul d be maintained at 0.15%nitric acid. This acid should be
added to the flask as needed before the addition of the aliquot.

Calibration

Transfer 0, 0.2, 0.5, 1.0, 5.0 and 10 nL aliquots of the working nercury
solutions (6.8) containing O to 1.0 ug of nercury to a series of 300 nL
BOD bottles. Add enough distilled water to each bottle to nake a tota
volume of 10 nL. Add 5 nL of conc. H,SO, (6.1) and 2.5 nL of conc.

HNO, (6.2) and heat 2 minutes in a water bath at 95°C. Allow the sanple
to cool and add 50 niL distilled water, 15 nmL of KWMhQ, solution (6.5) and
8 nmL of potassiumpersulfate solution (6.6) to each bottle and return to
the water bath for 30 m nutes. Cool and add 6 nL of sodium chloride-
hydr oxyl am ne sulfate solution (6.4) to reduce the excess permanganate.
Add 50 nL of distilled water (final volume of distilled water = 100 nl).
Treating each bottle individually, add 5 nmL of stannous sul fate sol ution
(6.3) and i Mmedi ately attach the bottle to the aeration apparatus. At
this point the sanple is allowed to stand quietly w thout manua
agitation. The circulating punp, which has previously been adjusted to
arate of 1 liter per mnute, is allowed to run continuously. The

absor bance, as exhibited either on the spectrophotoneter or the
recorder, will increase and reach maximumw thin 30 seconds. As soon as
the recorder pen levels off, approximately 1 m nute, open the bypass

val ve and continue the aeration until the absorbance returns to its

m ni mum val ue (see Note 4). Cose the bypass valve, renove the fritted
tubing fromthe BOD bottle and continue the aeration. Proceed with the
standards and construct a standard curve by plotting peak hei ght versus
m crograns of mercury.

NOTE 4: Because of the toxic nature of mercury vapor, precaution nust be
taken to avoid its inhalation. Therefore, a bypass has been included in the
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Exhi bit D Met hod 245.5

8.

9.

9.

2

.1

2

3

systemto either vent the mercury vapor into an exhaust hood or pass the
vapor through sone absorbing nedia, such as: a) equal volumes of 0.1 N KWhQ,
and 10% H,SO,, or b) 0.25%iodine in a 3% KI solution. A specially treated
charcoal that will absorb mercury vapor is also commercially avail abl e.

Pr ocedur e

Weigh a representative 0.2 g portion of wet sanple and place in the bottom of
a BOD bottle. Add enough distilled water to each sanple to nmake a tota
volume of 10 nL. Add 5 nL of conc. sulfuric acid (6.1) and 2.5 nL of conc.
nitric acid (6.2) mxing after each addition. Heat two minutes in a water
bath at 95°C. Cool, add 50 nL distilled water, 15 nmL pot assi um per manganat e
solution (6.5) and 8 nL of potassium persulfate solution (6.6) to each sanple
bottle. Mx thoroughly and place in the water bath for 30 m nutes at 95°C
Cool and add 6 nmL of sodi um chl ori de-hydroxyl anmi ne sulfate (6.4) to reduce

t he excess pernmanganate. Add 50 nmL of distilled water (final vol une of
distilled water = 100 nL). Treating each bottle individually, purge the head
space of the sanple bottle for at |least one mnute and add 5 nL of stannous
sulfate (6.3) and inmedi ately attach the bottle to the aeration apparatus.
Conti nue as described under 7.1.

An alternate digestion procedure enploying an autoclave may al so be used. In
this method 5 nL of conc. H,SO, and 2 nL of conc. HNO, are added to the 0.2
g of sanple. 5 nL of saturated KWhQ, solution and 8 nL of potassium

persul fate solution are added and the bottle is covered with a piece of
alumnumfoil. The sanple is autoclaved at 121°C and 15 PSI for 15 m nutes.
Cool, make up to a volume of 100 nL with distilled water and add 6 nlL of

sodi um chl ori de- hydroxyl am ne sulfate solution (6.4) to reduce the excess

per manganate. Purge the headspace of the sanple bottle for at |east one

m nute and conti nue as described under 7. 1.

Cal cul ati ons

Measure the peak height of the unknown fromthe chart and read the nercury
val ue fromthe standard curve

Cal cul ate the nercury concentration in the sanple by the formul a

ug/ L Hg, curve

final vol. after prep., L
alquot dry wt., ¢ x v prep

ug Ho/ g =

Report nercury concentrations as described for aqueous mercury sanpl es
converted to units of ng/kg. The sanple result or the detection Iimt for
each sanpl e nust be corrected for sanple weight and % solids before
reporting.

NOTE 5: ug/g is equivalent to ng/kg
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PART E - METHODS FOR TOTAL CYAN DE ANALYSI S

Met hod

Page No.
Met hod for Total Cyanide Analysis in Water
Met hod 335.2 CLP-M D61
Met hod for Total Cyanide Analysis in Soil/Sedi nent
Met hod 335.2 CLP-M D- 69
Met hod for Total Cyanide Analysis by Mdi Distillation
Met hod 335.2 CLP-M

D77

"CLP-M Modified for the Contract Laboratory Program
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Exhi bit D Met hod 335. 2

METHOD FOR TOTAL CYANI DE ANALYSI S | N WATER

CYANI DE, TOTAL (in Water)

Met hod 335.2 CLP-M (Titrimetric; Manual Spectrophotonetric; Seni-Autonated
Spect r ophot onetri c)

1. Scope and Application

1.1 This method is applicable to the determ nation of cyanide in drinking, surface
and saline waters, and donestic and industrial wastes.

1.2 The titration procedure using silver nitrate with p-
di met hyl am nobenzal r hodani ne i ndicator is used for neasuring concentrations of
cyani de exceeding 1 ng/L (0.25 ng/ 250 nL of absorbing liquid) (Option A
8.2).

1.3 The manual colorinmetric procedure is used for concentrations below 1 ng/L of
cyanide and is sensitive to about 0.01 ng/L (Option B, 8.3).

1.4 The wor ki ng range of the sem -automated spectrophotonetric method is 0.020 to
0.200 ng/L. Higher level sanples nmust be diluted to fall wi thin the working
range (Option C, 8.4).

2. Sunmary of Met hod

2.1 The cyani de as hydrocyanic acid (HCN) is rel eased from cyani de conpl exes by
means of a reflux-distillation operation and absorbed in a scrubber
cont ai ni ng sodi um hydroxi de solution. The cyanide ion in the absorbing
solution is then determ ned by volunetric titration or colorinetrically.

2.2 In the colorinetric nmeasurenent, the cyanide is converted to cyanogen
chloride, CNCl, by reaction with chloramne-T at a pH less than 8 without
hydrolyzing to the cyanate. After the reaction is conplete, color is forned
on the addition of pyridine-pyrazolone or pyridine-barbituric acid reagent.
The absorbance is read at 620 nm when using pyridi ne-pyrazol one or 578 nm for
pyridine-barbituric acid. To obtain colors of conparable intensity, it is
essential to have the sanme salt content in both the sanple and the standards.

2.3 The titrinmetric neasurenent uses a standard solution of silver nitrate to
titrate cyanide in the presence of a silver sensitive indicator.

3. Definitions
Cyanide is defined as cyanide ion and conpl ex cyani des converted to
hydrocyanic acid (HCN) by reaction in a reflux systemof a mneral acid in the
presence of magnesi um i on.

4, Sanpl e Handling and Preservati on

4.1 Al'l bottles nmust be thoroughly cleansed and rinsed to renove soluble materia
from cont ai ners.

"CLP-M Modified for the Contract Laboratory Program.
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Exhi bit D Met hod 335. 2

Oxi di zi ng agents such as chl orine deconpose npbst of the cyanides. Test a drop
of the sanple with potassiumiodi de-starch test paper (KI-starch paper); a

bl ue color indicates the need for treatnent. Add ascorbic acid, a few
crystals at a tinme, until a drop of sanple produces no color on the indicator
paper. Then add an additional 0.6 g of ascorbic acid for each liter of sample
vol une.

Sanpl es are preserved with 2 nL of 10 N sodi um hydroxi de per liter of sanple
(pH> 12) at the tine of collection (Exhibit D, Section I1l).

Sanpl es nmust be stored at 4°C(x2°C) and nust be anal yzed within the hol ding
time specified in Exhibit D, Section Il

Interferences

Interferences are elimnated or reduced by using the distillation procedure
described in 8. 1.

Sul fides adversely affect the colorinetric and titration procedures. If a
drop of the distillate on | ead acetate test paper indicates the presence of
sulfides, treat 25 nL nore of the sanple than that required for the cyanide
determ nati on with powdered cadm um carbonate. Yellow cadm um sul fide
precipitates if the sanple contains sulfide. Repeat this operation until a
drop of the treated sanple solution does not darken the | ead acetate test
paper. Filter the solution through a dry filter paper into a dry beaker, and
fromthe filtrate nmeasure the sanple to be used for analysis. Avoid a |arge
excess of cadm um carbonate and a |long contact tine in order to mnimze a

| oss by conpl exation or occlusion of cyanide on the precipitated materi al

Sul fides should be renoved prior to preservation wth sodi um hydroxi de as
described in 4.3.

The presence of surfactants may cause the sanple to foamduring refluxing. |If
this occurs, the addition of an agent such as Dow Corni ng 544 antifoam agent
will prevent the foamfromcollecting in the condenser. Fatty acids wl]l
distill and form soaps under alkaline titration conditions, making the end
poi nt al nost inpossible to detect. Wen this occurs, one of the

spect rophot onet ri ¢ net hods shoul d be used.

Appar at us

Refl ux distillation apparatus. The boiling flask should be of 1 liter size
with inlet tube and provision for condenser. The gas absorber nmay be a

Fi sher-M 1 1igan scrubber.

M croburet, 5.0 mL (for titration)

Spect r ophot oneter suitable for measurenents at 578 nmor 620 nmwith a 1.0 cm
cell or larger (for manual spectrophotonetric nethod).

Technicon AA Il systemor equivalent instrunentation (for automated
spect rophot onet ri ¢ net hod) i ncl udi ng:

6.4.1 Sanpl er
6.4.2 Pump |11
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7.

7.

.1

2

3

6.4.3
6.4.4
6.4.5
6.4.6

6.4.7

Reagent s

Cyani de manifold

SCIC colorineter with 15 mmflowcells and 570 nmfilters
Recor der

Data system (optional)

@ ass or plastic tubes for the sanpler

Distillation and Preparati on Reagents

7.1.1

7.1.2

7.1.3

7.1. 4

7.1.5

Sodi um hydr oxi de solution, 1.25 N. Dissolve 50 g of NaCH in distilled
water, and dilute to 1 liter with distilled water.

Cadmi um car bonate: powder ed
Ascorbic acid: crystals
Sul furic acid: concentrated

Magnesi um chl ori de solution: Wigh 510 g of Myd ,6H,O into a 1000 nL
flask, dissolve, and dilute to 1 liter with distilled water.

Stock Standards and Titrati on Reagents

7.2.1

Stock cyanide solution: Dissolve 2.51 g of KCN and 2 g KOHin 1
liter of distilled water. St andardi ze with 0.0192 N AgNQG,.

Standard cyani de solution, intermediate: Dilute 50.0 nL of stock (1
m. =1 ng CN) to 1000 nL with distilled water.

St andard cyani de solution: Prepare fresh daily by diluting 100.0 nL
of intermedi ate cyanide solution to 1000 mL with distilled water and
store in a glass stoppered bottle. 1 m = 5.0 ug CN (5.0 ng/L).

Standard silver nitrate solution, 0.0192 N. Prepare by crushing
approximately 5 g AgNQ, crystals and drying to constant weight at
40°C. Weigh out 3.2647 g of dried AgNO,, dissolve in distilled
water, and dilute to 1000 nL (1 nL = 1 ng CN).

Rhodani ne indicator: Dissolve 20 ng of p-dinethyl -
am nobenzal rhodanine in 100 mL of acetone.

Sodi um hydr oxi de solution, 0.25 N. Dissolve 10 g of NaOH in
distilled water and dilute to 1 liter.

Manual Spectrophotonetric Reagents

7.3.1

Sodi um di hydr ogenphosphate, 1 M D ssolve 138 g of NaH,POsHO in a
liter of distilled water. Refrigerate this solution.
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7.3.2 Chlorami ne-T solution: Dissolve 1.0 g of white, water soluble
chloramine-T in 100 nL of distilled water and refrigerate until ready
to use. Prepare fresh weekly.

7.3.3 Col or Reagent-One of the foll owi ng may be used:

7.3.3.1 Pyridine-barbituric acid reagent: Place 15 g of
barbituric acid in a 250 nL volunetric flask and add j ust
enough distilled water to wash the sides of the flask and
wet the barbituric acid. Add 75 nL of pyridine and mx
Add 15 nL of HO (sp gr 1.19), mx, and cool to room
tenmperature. Dilute to 250 mL with distilled water and
mx. This reagent is stable for approximtely six nonths
if stored in a cool, dark place.

7.3.3.2 Pyridine-pyrazol one sol ution:

7.3.3.2.1 3- Met hyl - 1- phenyl - 2- pyrazol i n-5- one reagent,
saturated solution: Add 0.25 g of 3-nethyl-1-
phenyl - 2- pyrazol i n-5-one to 50 nL of distilled
water, heat to 60°C with stirring. Cool to
room t enper at ure.

7.3.3.2.2 3,3 Dinethyl-1,1"-diphenyl [4,4'-bi-2
pyrazolin]-5,5" di one (bispyrazol one):
Di ssolve 0.01 g of bispyrazolone in 10 nlL of
pyri di ne.

7.3.3.2.3 Pour solution (7.3.3.2.1) through non-aci d-
washed filter paper. Collect the filtrate.
Through the sane filter paper pour solution
(7.3.3.2.2) collecting the filtrate in the
same container as filtrate from(7.3.3.2.1).
Mx until the filtrates are honogeneous. The
m xed reagent develops a pink color but this
does not affect the color production with
cyanide if used within 24 hours of
preparati on.

Sem - Aut omat ed Spectrophotonetri c Reagents

7.4.1 Chlorami ne-T solution: Dissolve 0.40 g of chloramne-T in distilled
water and dilute to 100 nL. Prepare fresh daily.

7.4.2 Phosphate buffer: Dissolve 138 g of NaH,POsHO in distilled water
and dilute to 1 liter. Add 0.5 nmL of Brij-35 (available from
Technicon). Store at 4°C(zx2°C).

7.4.3 Pyridine-barbituric acid solution: Transfer 15 g of barbituric acid
intoalliter volunetric flask. Add about 100 nL of distilled water
and swirl the flask. Add 74 nL of pyridine and mx. Add 15 nL of
concentrated HO and mx. Dilute to about 900 nL with distilled water
and mx until the barbituric acid is dissolved. Dilute to 1 liter
with distilled water. Store at 4°C(x2°C).
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8.

2

7.4.4 Sanpl er wash: Dissolve 10 g of NaCH in distilled water and dilute to
1liter.

Pr ocedur e

Distillation

8.1.1 Pl ace 500 nL of sanple in the 1 liter boiling flask. Add 50 nL of
sodi um hydroxide (7.1.1) to the absorbing tube and dilute if
necessary with distilled water to obtain an adequate depth of |iquid
in the absorber. Connect the boiling flask, condenser, absorber and
trap in the train.

8.1.2 Start a slow streamof air entering the boiling flask by adjusting the
vacuum source. Adjust the vacuum so that approxi mately one bubbl e of
air per second enters the boiling flask through the air inlet tube.

NOTE: The bubble rate will not remain constant after the reagents
have been added and while heat is being applied to the flask. It wll
be necessary to readjust the air rate occasionally to prevent the
solution in the boiling flask frombacking up into the air inlet tube.

8.1.3 Slowy add 25 nL concentrated sulfuric acid (7.1.4) through the air
inlet tube. Rinse the tube with distilled water and all ow t he
airflowto mx the flask contents for 3 mnutes. Pour 20 nL of
magnesi um chl oride solution (7.1.5) into the air inlet and wash down
with a streamof water.

8.1.4 Heat the solution to boiling, taking care to prevent the sol ution
from backing up into and overflowing fromthe air inlet tube. Reflux
for one hour. Turn off heat and continue the airflow for at |east 15
m nutes. After cooling the boiling flask, disconnect absorber and
cl ose of f the vacuum source.

8.1.5 Drain the solution fromthe absorber into a 250 nmL volunetric fl ask
and bring up to volune with distilled water washings fromthe
absor ber tube.

NOTE: The distillation procedure results in a 2x concentration of the
sanmpl e.

Titrimetric Determ nation (Option A)

8.2.1 If the sanmple contains nore than 1 ng of CN, transfer the distillate,
or a suitable aliquot diluted to 250 nmL, to a 500 nL Erl enneyer
flask. Add 10-12 drops of the benzal rhodani ne indicator.

8.2.2 Titrate with standard silver nitrate to the first change in color
fromyellow to brownish-pink. Titrate a distilled water blank using
t he sane anount of sodi um hydroxi de and indicator as in the sanple.

8.2.3 The anal yst should famliarize hinmself with the end point of the
titration and the anount of indicator to be used before actually
titrating the sanples. A 5 or 10 nmL mi croburet nmay be conveniently
used to obtain a nore precise titration
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8.3 Manual

8.3.1

8.

3.

2

Spectrophotonetric Determination (OQption B)

Wthdraw 50 nL or |less of the solution fromthe flask and transfer to
a 100 nL volunetric flask. |If less than 50 nmL is taken, dilute to 50
nm. with 0.25 N sodi um hydroxide solution (7.2.6). Add 15.0 nL of

sodi um phosphate solution (7.3.1) and mx. The dilution factor mnust
be reported on Form Xl V.

8.3.1.1 Pyridine-barbituric acid nmethod: Add 2 nL of chloramne-T
(7.3.2) and mx. After 1to 2 mnutes, add 5 nL of
pyri di ne-barbituric acid solution (7.3.3.1) and m x.
Dilute to mark with distilled water and m x again. Allow
8 mnutes for col or devel opnent then read absorbance at
578 nmin a 1 cmcell within 15 m nutes.

8.3.1.2 Pyridine-pyrazol one nmethod: Add 0.5 nL of chloramne-T
(7.3.2) and mx. After 1to 2 mnutes, add 5 nL of
pyri di ne- pyrazol one solution (7.3.3.2) and mix. Dilute to
mark with distilled water and m x again. After 40
m nutes, read absorbance at 620 nmin a 1 cmcell. NOTE:
More than 0.5 nL of chloramine-T will prevent the color
from devel opi ng with pyridi ne-pyrazol one.

Prepare a m ni mum of 3 standards and a bl ank by pipetting suitable
vol unes of standard solution into 250 nL volunetric flasks. NOTE
One calibration standard nust be at the Contract Required Detection
Limt (CRDL). To each standard, add 50 nL of 1.25 N sodi um hydroxi de
and dilute to 250 nL with distilled water. The sane nethod for col or
devel opnent (i.e., pyridine-barbituric acid or pyridine-pyrazol one)
must be used for both the sanples and standards. Standards mnust
bracket the concentration of the sanples. |If dilution is required,
use the blank solution

As an exanpl e, standard sol utions could be prepared as foll ows:

m_. of Standard Sol ution Conc. ug CN
(1.0 = 5 ug CN) per 250 nL
0 Bl ank
0.5 2.5
1.0 5
5.0 25
10.0 50
15.0 75
20.0 100

8.3.2.1 It is not inperative that all standards be distilled in
the sane manner as the sanples. At |east one standard
(md-range) nust be distilled and conpared to simlar
val ues on the curve to ensure that the distillation
technique is reliable. |If the distilled standard does not
agree within +15% of the undistilled standards, the
operator should find and correct the cause of the apparent
error before proceeding.

D- 66 | LMD4. 0



Exhi bit D Met hod 335. 2

8.3.2.2 Prepare a standard curve by plotting absorbance of
standard vs. cyani de concentrations (per 250 ni).

8.4 Sem - Aut omat ed Spectrophotonetric Determnation (OQption C

8.4.1 Set up the manifold. Punp the reagents through the systemuntil a
st eady baseline is obtained.

8.4.2 Calibration standards: Prepare a blank and at |east three
calibration standards over the range of the analysis. One
calibration standard nust be at the CRDL. For a working range of O-
200 ug/L, the follow ng standards may be used:

nmL St andard Sol ution Concentrati on
(7.2.3) diluted to 1 liter ug CN L

0 0

2.0 10

4.0 20

10.0 50

20.0 100

40.0 200

Add 10 g of NaOH to each standard. Store at 4°C(x2°C)

8.4.3 Pl ace calibration standards, blanks, and control standards in the
sanmpler tray, followed by distilled sanples, distilled duplicates,
distilled standards, distilled spikes, and distilled bl anks.

8.4.4 VWhen a steady reagent baseline is obtained and before starting the
sanpl er, adjust the baseline using the appropriate knob on the
colorimeter. Aspirate a calibration standard and adjust the STD CAL
dial on the colorimeter until the desired signal is obtained. Record
the STD CAL value. Re-establish the baseline and proceed to anal yze
calibration standards, blanks, control standards, distilled sanples,
and distilled QC audits.

9. Cal cul ati ons

9.1 Using the titrinetric procedure, calculate concentration of CN as foll ows:

(A-B) 1.000 nl/L 250 L
CN, ng/L = m. orig. sample m_L of aliquot titrated

WHERE: A = volune of AgNQ, for titration of sanple
(1 n =1 ng Ag)

B = volume of AgNQ, for titration of blank
(1 nb =1 ng Ag)

AND: 250 nL = distillate volunme (See 8.1.5)
1000 nmL = conversion nL to L
mL original sanple (See 8.1.1)
mL of aliquot titrated (See 8.2.1)
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If the sem -automated method is used, measure the peak heights of the
calibration standards (visually or using a data system and calculate a |inear
regressi on equati on. Apply the equation to the sanples and QC audits to
determ ne the cyani de concentration in the distillates. To determ ne the
concentration of cyanide in the original sanple, MILTIPLY THE RESULTS BY ONE-
HALF (since the original volume was 500 nL and the distillate volume was 250
m.). Also, correct for, and report on Form XV, any dilutions which were made
before or after distillation

The m ni mum concentration that can be reported fromthe calibration curve is
10 ug/L that corresponds to 5 ug/L in a sanple that has been distilled.

If the manual spectrophotonetric procedure is used, calculate the cyanide, in
ug/L, in the original sanple as follows:

Ax 1,000 n/L 50 L
CN, ug/L = B X C
WHERE: A = ug CN read from standard curve (per 250 nl)
B = nL of original sanple for distillation (See 8.1.1)
C =nlL taken for colorinetric analysis (See 8.3.1)
AND: 50 nL = volune of original sanple aliquot (See 8.3.1)

1000 nmL/L = conversion nL to L

The m ni mum val ue that can be substituted for Ais 2.5 ug per 250 nL. That
yields a concentration of 5 ug/L in the distilled sanple.

D- 68 | LMD4. 0



Exhi bit D Met hod 335. 2

METHOD FOR TOTAL CYANI DE ANALYSI S I N SO L/ SEDI MENT
CYANI DE, TOTAL (in Sedinments)
Met hod 335.2 CLP-M (Titrimetric; Manual Spectrophotonetric; Sem - Aut omat ed
Spect r ophot onetri c)

1. Scope and Application

1.1 This method is applicable to the deternmi nation of cyanide in sedinments and
ot her solids.

1.2 The detection Iimt is dependent upon the weight of sanmple taken for analysis.

2. Sunmary of Met hod

2.1 The cyani de as hydrocyanic acid (HCN) is rel eased from cyani de conpl exes by
means of a reflux-distillation operation and absorbed in a scrubber contai ning
sodi um hydroxi de solution. The cyanide ion in the absorbing solution is then
determ ned by volunetric titration or colorimetrically.

2.2 In the colorinetric nmeasurenent, the cyanide is converted to cyanogen
chloride, CNCl, by reaction with chloramne-T at a pH less than 8 without
hydrol yzing to the cyanate. After the reaction is conplete, color is forned
on the addition of pyridine-pyrazolone or pyridine-barbituric acid reagent.
The absorbance is read at 620 nm when using pyridi ne-pyrazol one for 578 nmfor
pyridine-barbituric acid. To obtain colors of conparable intensity, it is
essential to have the sanme salt content in both the sanple and the standards.

2.3 The titrinmetric neasurenent uses a standard solution of silver nitrate to
titrate cyanide in the presence of a silver sensitive indicator.

3. Definitions

3.1 Cyanide is defined as cyanide ion and conpl ex cyani des converted to
hydrocyanic acid (HCN) by reaction in a reflux systemof a mineral acid in the
presence of magnesi um i on.

4, Sanpl e Handling and Preservation

4.1 Sanpl es nmust be stored at 4°C(x2°C) and nust be anal yzed within the hol ding
time specified in Exhibit D, Section Il

4.2 Sanples are not dried prior to analysis. A separate percent solids
determ nati on nust be made in accordance with the procedure in Part F.

5. Interferences

5.1 Interferences are elimnated or reduced by using the distillation procedure
described in 8. 1.

5.2 Sul fides adversely affect the colorimetric and titrati on procedures.

"CLP-M Mbdified for the Contract Laboratory Program
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The presence of surfactants may cause the sanple to foamduring refluxing. |If
this occurs, the addition of an agent such as DOW Corni ng 544 antifoam agent
will prevent the foamfromcollecting in the condenser. Fatty acids wl]l
distill and form soaps under the alkaline titration conditions, making the end
poi nt al nost inpossible to detect. Wen this occurs, one of the

spect rophot onetri ¢ net hods shoul d be used.

Appar at us

Reflux distillation apparatus. The boiling flask should be of 1 liter size
with inlet tube and provision for condenser. The gas absorber nmay be a

Fi sher-M 1 1igan scrubber.

M croburet, 5.0 mL (for titration)

Spectrophot oneter suitable for nmeasurenents at 578 nmor 620 nmwith a 1.0 cm
cell or larger.

Technicon AA Il systemor equivalent instrunentation (for automated
spect rophot onet ri ¢ net hod) i ncl udi ng:

6.4.1 Sanpl er

6.4.2 Pump 11

6.4.3 Cyani de manifold

6.4.4 SCIC colorineter with 15 mmflowcells and 570 nmfilters
6.4.5 Recor der

6.4.6 Data system (optional)

6.4.7 @ ass or plastic tubes for the sanpler

Reagent s

Distillation and Preparati on Reagents

7.1.1 Sodi um hydr oxi de solution, 1.25 N: Dissolve 50 g of NaCH in distilled
water, and dilute to 1 liter with distilled water.

7.1.2 Cadmi um car bonate: powder ed
7.1.3 Ascorbic acid: crystals
7.1.4 Sul furic acid: concentrated

7.1.5 Magnesi um chl ori de solution: Wigh 510 g of Mgd ,6H,O into a 1000
m. flask, dissolve and dilute to 1 liter with distilled water.

Stock Standards and Titrati on Reagents

7.2.1 Stock cyanide solution: Dissolve 2.51 g of KCN and 2 g of KOHin 1
liter of distilled water. Standardize with 0.0192 N AgNG,.
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7.2.2 Standard cyani de solution, intermediate: Dilute 50.0 nL of stock (1
m. =1 ng CN) to 1000 nL with distilled water (1 nL = 50.0 ug).

7.2.3 St andard cyani de solution: Prepare fresh daily by diluting 100.0 nL
of intermedi ate cyanide solution to 1000 nmL with distilled water and
store in a glass stoppered bottle. 1 m = 5.0 ug CN (5.0 ng/L).

7.2.4 Standard silver nitrate solution, 0.0192 N: Prepare by crushing
approximately 5 g AgNQ, crystals and drying to constant weight at
40°C. Weigh out 3.2647 g of dried AgNO,, dissolve in distilled
water, and dilute to 1000 nL (1 nL = 1 ng CN).

7.2.5 Rhodani ne indicator: Dissolve 20 ng of p-dinethyl-am no-
benzal rhodani ne in 100 nlL acet one.

Manual Spectrophotonetric Reagents

7.3.1 Sodi um di hydr ogenphosphate, 1 M Dissolve 138 g of NaH,POsHO in 1
liter of distilled water. Refrigerate this solution

7.3.2 Chlorami ne-T solution: Dissolve 1.0 g of white, water soluble
Chloramine-T in 100 nL of distilled water and refrigerate until ready
to use. Prepare fresh weekly.

7.3.3 Col or reagent - One of the followi ng may be used:

7.3.3.1 Pyridine-barbituric acid reagent: Place 15 g of
barbituric acid in a 250 nL volunetric flask and add j ust
enough distilled water to wash the sides of the flask and
wet the barbituric acid. Add 75 nL of pyridine and mx
Add 15 nL of HO (sp gr 1.19), mix, and cool to room
tenperature. Dilute to 250 mL with distilled water and
mx. This reagent is stable for approximtely six nonths
if stored in a cool, dark place.

7.3.3.2 Pyridine-pyrazol one sol ution:

7.3.3.2.1 3- Met hyl -1 - phenyl - 2- pyrazol i n-5- one reagent,
saturated solution: Add 0.25 g of 3-nethyl-I-
phenyl - 2- pyrazol i n-5-one to 50 nL of distilled
water, heat to 60°C with stirring. Cool to
room t enper at ure.

7.3.3.2.2 3,3 Dinethyl-1,1"-di phenyl -[4, 4" -bi-2-pyrazolin]-
5, 5" di one (bi spyrazol one): Di ssolve 0.01 g of
bi spyrazol one in 10 niL of pyridine.

7.3.3.2.3 Pour solution (7.3.3.2.1) through non-aci d-
washed filter paper. Collect the filtrate.
Through the sane filter paper pour solution
(7.3.3.2.2) collecting the filtrate in the
same container as filtrate from(7.3.3.2.1).
Mx until the filtrates are honogeneous. The
m xed reagent develops a pink color but this
does not affect the color production with
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4

cyanide if used within 24 hours of
pr epar ati on.

Sem - Aut omat ed Spectrophotonetri c Reagents

7.4.1 Chlorami ne-T solution: Dissolve 0.40 g of chloramine-T in distilled
water and dilute to 100 nL. Prepare fresh daily.

7.4.2 Phosphate Buffer: Dissolve 138 g of NaH,POsHO in distilled water
and dilute to 1 liter. Add 0.5 nmL of Brij-35 (available from
Technicon). Store at 4°C

7.4.3 Pyridine-barbituric acid solution: Transfer 15 g of barbituric acid
intoalliter volunetric flask. Add about 100 nL of distilled water
and swirl the flask. Add 74 nL of pyridine and mx. Add 15 nL of
conc. HO mx until the barbituric acid is dissolved. Dilute to 1
liter with distilled water. Store at 4°C.

7.4.4 Sanpl er Wash: Dissolve 10 g of NaCH in distilled water and dilute to
1liter.

Pr ocedur e

Distillation

8.1.1 Accurately weigh a representative 1-5 g portion of wet sanple and
transfer it to a boiling flask. Add 500 nL of distilled water.
Shake or stir the sanple so that it is dispersed.

8.1.2 Add 50 nL of sodium hydroxide (7.1.1) to the absorbing tube and
dilute if necessary with distilled water to obtain an adequate depth
of liquid in the absorber. Connect the boiling flask, condenser
absorber, and trap in the train.

8.1.3 Start a slow streamof air entering the boiling flask by adjusting
t he vacuum source. Adjust the vacuum so that approxi mately one
bubbl e of air per second enters the boiling flask through the air
inlet tube.

NOTE: The bubble rate will not remain constant after the reagents
have been added and while heat is being applied to the flask. It wll
be necessary to readjust the air rate occasionally to prevent the
solution in the boiling flask frombacking up into the air inlet tube.

8.1.4 Slowy add 25 nlL of conc. sulfuric acid (7.1.4) through the air inlet
tube. Rinse the tube with distilled water and allow the airflowto
m x the flask contents for 3 mnutes. Pour 20 nL of magnesi um
chloride solution (7.1.5) into the air inlet and wash down with a
stream of water.

8.1.5 Heat the solution to boiling, taking care to prevent the sol ution
from backing up and overflowing into the air inlet tube. Reflux for
one hour. Turn off heat and continue the airflow for at |east 15
m nutes. After cooling the boiling flask, disconnect absorber and
cl ose of f the vacuum source.
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Drain the solution fromthe absorber into a 250 mL volunetric fl ask
and bring up to volune with distilled water washings fromthe
absor ber tube.

NOTE: The distillation procedure results in a 2x concentration of the
sanpl e.

Titrimetric Determination (Option A)

8.2.1

8.

8.

Manual

2.

2.

8.3.1

8.

3.

2

If the sample contains nmore than 1 ng of CN, transfer the distillate,
or a suitable aliquot diluted to 250 nL, to a 500 nL Erl enneyer
flask. Add 10-12 drops of the benzal rhodani ne indicator.

Titrate with standard silver nitrate to the first change in color
fromyellow to brownish-pink. Titrate a distilled water blank using
t he sane anount of sodi um hydroxi de and indicator as in the sample.

The anal yst should famliarize hinmself with the end point of the
titration and the anount of indicator to be used before actually
titrating the sanples. A 5 or 10 nL m croburet nmay be conveniently
used to obtain a nore precise titration

Spectrophotonetric Determination (Option B)

Wthdraw 50 nL or |less of the solution fromthe flask and transfer to
a 100 mL volunetric flask. |If less than 50 nL is taken, dilute to 50
m. with 0.25 N sodi um hydroxide solution (7.1.1). Add 15.0 nL of

sodi um phosphate solution (7.3.1) and m x

8.3.1.1 Pyridine-barbituric acid nmethod: Add 2 nL of Chloram ne-T
(7.3.2) and mx. After 1to 2 mnutes, add 5 nL of
pyri di ne-barbituric acid solution (7.3.3.1) and m x.
Dilute to mark with distilled water and m x again. Allow
8 mnutes for col or devel opnment then read absorbance at
578 nmin a 1 cmcell within 15 m nutes.

8.3.1.2 Pyridine-pyrazolone nethod: Add 0.5 nlL of chloramne-T
(7.3.2) and mix. After 1 to 2 mnutes add 5 nL of
pyri di ne- pyrazol one solution (7.3.3.2) and nmix. Dlute to
mark with distilled water and m x again. After 40
m nutes, read absorbance at 620 nmin a 1 cmcell

NOTE: Mre than 0.5 nL of chloramine-T will prevent the
col or from devel opi ng with pyridi ne-pyrazol one.

Prepare a m ni mum of three standards and a bl ank by pipetting

sui tabl e vol unes of standard solution into 250 nmL volunetric fl asks.
NOTE: One calibration standard nust be nade at the CRDL. To each
standard add 50 niL of 1.25 N sodium hydroxide and dilute to 250 nL
with distilled water. The sane nethod for col or devel opment (i.e.

pyri di ne-barbituric acid or pyridine-pyrazol one) nust be used for both
t he sanpl es and standards. Standards must bracket the concentrations
of the sanple. |If dilution is required, use the blank solution
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8.4

As an exanpl e, standard solutions could be prepared as

fol |l ows:

nmL of Standard Sol ution Conc. ug CN
(1.0 = 5 ug CN) per 250 nL

0 Bl ank

0.5 2.5

1.0 5

5.0 25

10.0 50

15.0 75

20.0 100

8.3.2.1 It is not inperative that all standards be distilled in
the sane manner as the sanples. At |east one standard
(md-range) nust be distilled and conpared to simlar
val ues on the curve to ensure that the distillation
technique is reliable. |If the distilled standard does not
agree within £15% of the undistilled standards the
operator should find and correct the cause of the apparent
error before proceeding.

8.3.2.2 Prepare a standard curve by plotting absorbance of
standard vs. cyani de concentrations (per 250 ni).

Sem - Aut omat ed Spectrophotonetric Determnation (OQption C

8.4.1 Set up the manifold. Punp the reagents through the systemuntil a
st eady baseline is obtained.

8.4.2 Calibration standards: Prepare a blank and at |east three
calibration standards over the range of the analysis. One
calibration standard nmust be at the CRDL. For a working range of O-
200 ug/L, the follow ng standards may be used:

nL St andard Sol ution Concentrati on
(7.2.3) diluted to 1 liter ug CN L
0 0
2.0 10
4.0 20
10.0 50
20.0 100
40.0 200

Add 10 g of NaOH to each standard. Store at 4°C(x2°C).

8.4.3 Pl ace calibration standards, blanks, and control standards in the
sanmpler tray, followed by distilled sanples, distilled duplicates,
distilled standards, distilled spikes, and distilled bl anks.

8.4.4 VWhen a steady reagent baseline is obtained and before starting the

sanpl er, adjust the baseline using the appropriate knob on the
colorimeter. Aspirate a calibration standard and adjust the STD CAL
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.1

2

dial on the colorimeter until the desired signal is obtained. Record
the STD CAL val ue. Reestablish the baseline and proceed to anal yze
calibration standards, blanks, control standards, distilled sanples,
and distilled QC audits.

Cal cul ati ons

A separate determ nation of percent solids nmust be performed (see Part F).

The concentration of cyanide in the sanple is determ ned as foll ows.

9.

9.

2.

2.

1

2

. 2.

3

(Titration)
} 250 ni o/ kg
A- B 1000
CN, ng/kg = ( ) X n. aliquot titrated X
c x %solids
100

WHERE: A = nL of AgNG, for titration of sanple

(1 nL =1 ng Ag)
= nmL of AgNQ, for titration of blank

(1 nL =1 ng Ag)

C = wet weight of original sanple in g

(See 8.1.1)

AND: 250 nmL = volune of distillate (See 8.1.6)
1000 g/ kg = conversion factor g to kg
m. aliquot titrated (See 8.2.1)
% solids (see Part F)

(Manual Spectrophotonetri c)

A x 20 nL
CN, ng/kg = X B
% sol i ds
C Z0 SUT T Us
X ""100
WHERE: A = wug CN read fromstandard curve (per 250 mlL)
B = nL of distillate taken for colorinetric
determ nation (8.3.1)
C = wet weight of original sanple in g

(See 8.1.1)

The m ni mum val ue that can be substituted for Ais 2.5 ug/250 mL.
That yields a concentration of 5 ug/L in the distilled sanple.

AND: 50 nL = volunme of standard taken for colorinetric
determ nation (See 8.3.1)
% solids (see Part F)
(Sem - Aut omat ed Spectrophotonetri c)
If the sem -automated nmethod is used, neasure the peak hei ghts of

the calibration standards (visually or using a data system and
calcul ate a linear regression equation. Apply the equation to the
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sanples and QC audits to determ ne the cyanide concentration in
the distillates.

AXx .25
CN, ng/kg = Cx %solids
100
WHERE: A = wug/L determ ned from standard curve
C = wet weight of original sanple in g
(See 8.1.1)
AND: .25 = conversion factor for distillate fina

vol umre (See 8. 1.6)
% solids (see Part F)

The m ni mum val ue that can be substituted for Ais 2.5 ug/250 mnL.
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METHOD FOR TOTAL CYANI DE ANALYSIS BY M DI DI STI LLATI ON

CYANI DE, TOTAL (water and soils)
Met hod 335.2 CLP-M (Semi - aut omat ed Spect r ophot onetri c)

Scope and Application

Cyani de determned by this method is defined as cyanide ion and conpl ex
cyani des converted to hydrocyanic acid by reaction in a reflux systemwth
m neral acid in the presence of magnesiumion

This method covers the determ nation of cyanide by mdi distillation with a
sem -automated colorinetric analysis of the distillate.

The detection limt for the sem -autonmated colorinetric nmethod is
approxi mately 10 ug/L.

Sunmary of Met hod

The cyani de as hydrocyanic acid (HCN) is rel eased from cyani de conpl exes by
means of a midi reflux-distillation operation and absorbed in a scrubber
cont ai ni ng sodi um hydroxi de solution. The cyanide ion in the absorbing
solution is then deternm ned colorinetrically.

In the colorinetric nmeasurenent, the cyanide is converted to cyanogen
chloride, CNC, by reaction with chloramne-T at pH Il ess than 8 without
hydrolysis to the cyanate. After the reaction is conplete, color is formed on
the addition of pyridinebarbituric acid reagent. The absorbance is read at
580 nm To obtain colors of conmparable intensity, it is essential to have the
same salt content in both the sanples and the standards.

Sanpl e Handling and Preservation

Al'l bottles nmust be thoroughly cleansed and rinsed to renove soluble materials
from cont ai ners.

Oxi di zi ng agents such as chl orine deconpose npbst cyanides. Test a drop of the
sanple with potassiumiodi de-starch test paper (KI-Starch paper); a blue color
i ndicates the need for treatnent. Add ascorbic acid, a few crystals at a
time, until a drop of sanple produces no color on the indicator paper. Then
add additional 0.6 g of ascorbic acid for each liter of sanple vol une.

Sanpl es are preserved with 2 nL of 10 N sodi um hydroxi de per liter of sanple
(pH > 12) at the time of collection

Sanpl es nmust be stored at 4°C(+2°C) and nust be anal yzed within the hol ding
time specified in Exhibit D, Section Il

Interferences

Interferences are elimnated or reduced by using the distillation procedure.
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Sul fides adversely affect the colorinmetric procedures. |If a drop of
distillate on |l ead acetate test paper indicates the presence of sulfides,
treat the sanple with powdered cadm um carbonate. Yell ow cadm um sul fide
precipitates if the sanple contains sulfide. Repeat this operation until a
drop of the treated sanple solution does not darken the | ead acetate test
paper. Filter the solution through a dry filter paper into a dry beaker, and
fromthe filtrate, neasure the sanple to be used for analysis. Avoid a |large
excess of cadm um carbonate and |l ong contact time in order to mnimze |oss by
conpl exation or occlusion of cyanide on the precipitated materi al

The presence of surfactants may cause the sanple to foamduring refluxing. |If
this occurs, the addition of an agent such as Dow Corni ng 544 antifoam ng
agent will prevent the foamfromcollecting in the condenser

Appar at us

Mdi reflux distillation apparatus.

Heati ng bl ock - Capabl e of maintaining 125°C £5°C.

Aut o anal yzer systemw th accessories:

5.3.1 Sanpl er

5.3.2 Punp

5.3.3 Cyani de cartridge

5.3.4 Colorineter with 50 mmflowcells and 580 nmfilter
5.3.5 Chart recorder or data system

Assorted volunetric gl assware, pipets, and m cropipets.
Reagent s

Distillation and Preparati on Reagents

6.1.1 Sodi um hydr oxi de absorbi ng sol ution and sanple wash solution, 0.25 N
Di ssolve 10.0 g NaOH in ASTM Type Il water and dilute to one liter.

6.1.2 Magnesi um chl ori de solution, 51% (wv): Dissolve 510 g of Mgd ,»6H,0
in ASTM Type Il water and dilute to one liter

6.1.3 Sul furic acid, 50% (v/v): Carefully add a portion of concentrated
HSO, to an equal portion of ASTM Type Il water.

6.1.4 Sodi um hydr oxi de solution, 1.25 N. Dissolve 50 g of NaCH i n ASTM
Type Il water and dilute to one liter
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St andar ds

6.2.1 St ock cyani de solution, 1000 ng/L CN: Dissolve 2.51 g of KCN and 2.0
g KOH in ASTM Type Il water and dilute one liter. Standardize with
0. 0192 N AgNO..

6.2.2 Internedi ate cyani de standard solution, 10 mg/L CN: Dilute 1.0 nmL of
stock cyanide solution (6.2.1) plus 20 nL of 1.25 N NaOH sol ution
(6.1.4) to 100 nL with ASTM Type Il water. Prepare this solution at
time of analysis.

6.2.3 Rhodani ne indicator: Dissolve 20 ng of p-dinethyl am no-benzal -
rhodam ne in 100 nL acetone.

6.2.4 Silver nitrate solution, 0.0192 N. Prepare by crushing approximately
5 g AgNO, crystals and drying to a constant weight at 104°C. Wi gh
out 3.2647 g of dried AgNG, and di ssolve in ASTM Type || water.
Dilute to one liter ( 1 nmL corresponds to 1 ng CN).

6.2.5 Pot assi um chromat e i ndi cator solution: Dissolve 50 g K,CRO, in
sufficient ASTM Type Il water. Add silver nitrate solution until a
definite red precipitate is formed. Let stand for at |east 12 hours,
filter, and dilute to one liter with ASTM Type |1 water.

6.2.6 Primary standard sodiumchloride, 0.0141 N. Dissolve 824.1 ng Nad
(NBS-dried 20 minutes at 104°C) in ASTM Type Il water and dilute to
one liter.

6.2.7 Sodi um hydr oxi de solution, 0.1 N Dissolve 4 g of NaOH in ASTM Type
Il water and dilute to one liter.

Sem - Aut omat ed Spectrophotonetri c Reagents
6.3.1 Phosphate buffer solution, 1 M Dissolve 138 g of NaH,PO*HO i n

ASTM Type Il water and dilute to one liter. Add 0.5 mL of Brij-35
(avail abl e from Technicon). Store at 4°C

6.3.2 Chloram ne-T solution, 0.4% (wv): Dissolve 0.4 g of chloramine-T in
ASTM Type Il water and dilute to 100 nL. Prepare fresh at time of
anal ysi s.

6.3.3 Col or reagent solution, pyridine barbituric acid col or reagent

solution: Prepare this solution in the hood. Transfer 15 g of
barbituric acid into a one liter Erlenneyer flask. Add about 100 nL
of ASTM Type Il water and swirl the flask to mx. Add 75 nL of
pyridine and 15 nmL concentrated HO and mx until all the barbituric
acid is dissolved. Dilute to one liter with ASTM Type Il water and
store at 4°C
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Pr ocedur e
Distillation

7.1.1 The procedure described here utilizes a mdi distillation apparatus
and requires a sanple aliquot of 50 nmL or |less for aqueous sanples
and one gramfor solid materials. NOIE: Al sanples nust initially
be run undiluted (i.e., aqueous sanples nmust first be run with a 50
nmL al i quot and solid sanples using a one gram sanple). Wen the
cyani de concentrati on exceeds the highest calibration standard,
appropriate dilution (but not below the CRDL) and reanal ysis of the
sanple are required. The dilution factor nmust be reported on Form
XIV.

7.1.2 For aqueous sanples: Pipet 50 nL of sanple, or an aliquot diluted to
50 nL, into the distillation flask along with 2 or 3 boiling chips.

7.1.3 For solid sanples: Wigh 1.0 g of sanple (to the nearest 0.01 Q)
into the distillation flask and dilute to 50 mL with ASTM Type |
water. Add 2 or 3 boiling chips.

7.1. 4 Add 50 nmL of 0.25 N NaOH (6.1.1) to the gas absorbing inpinger

7.1.5 Connect the boiling flask, condenser, and absorber in the train. The
excess cyanide trap contains 0.5 N NaCH

7.1.6 Turn on the vacuum and adjust the gang (Witney) values to give a
flow of three bubbles per second fromthe inpingers in each reaction
vessel

7.1.7 After five mnutes of vacuumflow, inject 5 nL of 50% (v/v) HSO,
(6.1.3) through the top air inlet tube of the distillation head into

the reaction vessel. Allowto mx for 5 mnutes. NOTE The acid
vol ume nmust be sufficient to bring the sanple/solution pHto bel ow
2.0.

7.1.8 Add 2 nmL of magnesi um chloride solution (6.1.2) through the top air
inlet tube of the distillation head into the reaction fl ask.
Excessive foanmi ng from sanpl es containing surfactants may be quel | ed
by the addition of another 2 mL of magnesi um chloride sol ution

7.1.9 Turn on the heating block and set for 123-125°C. Heat the solution
to boiling, taking care to prevent solution backup by periodic
adj ustment of the vacuum fl ow.

7.1.10 After one and a half hours of refluxing, turn off the heat and
conti nue the vacuum for an additional 15 mnutes. The flasks shoul d
be cool at this tine.

7.1.11 After cooling, close off the vacuum at the gang val ve and renove the
absorber. Seal the receiving solutions and store themat 4°C until
anal yzed. The solutions nust be analyzed for cyanide within the 12
day holding tine specified in Section Il
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7.

2

Sem - Aut omat ed Spectrophotonetric Determ nation

7.

7.

7.

7.

2.

2.

2.

2.

1

Operating conditions: Because of the difference between various
makes and nodels of satisfactory instrunents, no detail ed operating
i nstructions can be provided. The analyst should follow the

i nstructions provided by the manufacturer of the particular
instrument. It is the responsibility of the analyst to verify that
the instrument configuration and operating conditions used satisfy
the anal ytical requirenents and to maintain quality control data
confirmng instrunent performance and anal ytical results.

The foll owi ng general procedure applies to npbst sem -aut omat ed
colorimeters. Set up the manifold and conpl ete system per
manufacturer's instructions. A lowthe colorineter and recorder to
warmup for at least 30 mnutes prior to use. Establish a steady
reagent baseline, feeding ASTM Type Il water through the sanple line
and appropriate reagents (6.3) through reagent |lines. Adjust the
basel i ne using the appropriate control on the colorineter.

Prepare a m ni mum of 3 standards and a bl ank by pipetting suitable
vol unes of standard solution into 50 nL volunetric flasks. NOTE
One calibration standard nust be at the Contract Required Detection
Limt (CRDL).

As an exanpl e, standard sol utions could be prepared as foll ows:

Total ug CN
standard sol ution nm. 10 nmg/L CN nL 0.05 N NaCH
0. 00 0. 000 20
0.10 0. 010 20
0.25 0. 025 20
0.50 0. 050 20
1. 00 0. 100 20
2.00 0. 200 20
5.00 0. 500 20
10. 00 1. 000 20

7.2.2.1 Dilute standards to 50 nL using ASTM Type Il water. It is
not inperative that all standards be distilled in the sane
manner as the sanples. At |east one standard (m d-range)
must be distilled and conpared to simlar values on the
curve for each SDG to ensure the distillation technique is
reliable. If the distilled standard does not agree within
+15% of the undistilled standards, the operator mnust find
and correct the cause of the error before proceeding.

Aspirate the highest calibration standard and adjust the col orineter
until the desired (maxi num) signal-range is obtained.

Pl ace calibration standards, bl anks, and control standards in the

sanmpler tray, followed by distilled sanples, distilled duplicates,
distilled standards, distilled spikes, and distilled bl anks.
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7.2.5 Switch sanple line fromthe ASTM Type Il water to sanpler, set the
appropriate sanpling rate and begin the anal ysis.

Cal cul ati ons

Cal cul ations for Sem -autonated Colorinetric Determ nation

8.1.1 Prepare a standard curve by plotting absorbance (peak heights,
determ ned visually or using a data systen) of standards (y) versus
cyani de concentration values (total ug CNNL) (x). Performa linear
regressi on anal ysi s.

8.1.2 Multiply all distilled values by the standardi zati on value to correct
for the stock cyani de solution not being exactly 1000 ng/L (See
6.2.1).

8.1.3 Usi ng the regression anal ysis equation, cal culate sanple receiving
sol ution concentrations fromthe calibration curve.

8.1.4 Cal cul ate the cyani de of aqueous sanples in ug/L of original sanple,
as follows:

Ax Dx F
CN, ug/L = B

wher e: ug/L CN of sanple fromregression analysis

Liter of original sanple for distillation (0.050 L)

(See 7.1.2)

= any dilution factor necessary to bracket sanple
val ue within standard val ues

= sanpl e receiving solution volunme (0.050 L)

A
B
D
F
The m ni mum val ue that can be substituted for Ais 10 ug/L.

8.1.5 Cal cul ate the cyanide of solid sanples in ng/kg of original sanple,
as follows:

8.1.5.1 A separate determnation of percent solids nust be
performed (See Part F).

8.1.5.2 The concentration of cyanide in the sanple is determned
as follows:

Ax Dx F
CN, ng/ kg = B x E
wher e: A = ug/L CN of sanple from regression analysis
curve

B = wet weight of original sanple in g (See
7.1.3)

D = any dilution factor necessary to bracket
sanpl e val ue within standard val ues
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E

% solids (See Part F)/100.

F

sanpl e receiving solution volunme (0.050 L)

The m ni mum val ue that can be substituted for Ais 10 ug/L.
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Exhibit D Part F

PART F - PERCENT SOLI DS DETERM NATI ON PROCEDURE

1. I mredi ately follow ng the weighing of the sanple to be processed for analysis
(see Section Ill, Part B- Soil/Sediment Sanple Preparation), add 5-10 g of
sanple to a tared wei ghing dish. Wigh and record the weight to the nearest
0.01 g.

2. Pl ace wei ghing dish plus sanple, with the cover tipped to allow for noisture

escape, in a drying oven naintained at 103-105°C. Sanple handling and drying
shoul d be conducted in a well-ventilated area.

3. Dry the sanpl e overnight (12-24 hours) but no longer than 24 hours. |If dried
| ess than 12 hours, it nmust be documented that constant weight was attained.”
Renove the sanple fromthe oven and cool in a dessicator with the wei ghing
di sh cover in place before weighing. Wigh and record weight to nearest 0.01
g. Do not analyze the dried sanple.

4. Duplicate percent solids determnations are required at the sane frequency as
are other analytical determ nations. Duplicate results are to be recorded on
FORM VI - I N.

5. For the duplicate percent solids determ nation, designate one sanple aliquot

as the "original" sanple and the other aliquot as the "duplicate" sanple.
Cal cul ate dry weight using the results of the "original" sanple aliquot.

6. Cal cul ate percent solids by the formula below. The value thus obtained will
be reported on the appropriate FORMI-IN and, where applicable, FORM VI-IN
This value will be used for calcul ating anal ytical concentration on a dry
wei ght basi s.

% Solids = Sanple Dry Wight x 100
Sanpl e Wt Wi ght

"For the purpose of paragraph 3, drying tine is defined as the elapsed time in the
oven; thus raw data nust record tine in and out of the oven to docunent the 12 hour
drying tine minimum |In the event it is necessary to denonstrate the attai nment of
constant weight, data nust be recorded for a mninmumof two repetitive

wei gh/ dry/ dessi cate/wei gh cycles with a mininumof 1 hour drying time in each cycle.
Const ant wei ght would be defined as a loss in weight of no greater than 0.01 g
between the start weight and final weight of the |ast cycle.
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